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XXX.—On the Origin of Prairies; by JAmEs D. DANA, 


[IN the articles on the Origin of Prairies recently communi- 


eated to this Journal by Prof. Winchell and Mr. Lesquereux,’ 
presenting independent theories, the view that this origin is in 


See for Prof. Winchell’s paper, xxxviii, p. 332, and for Mr. Lesquereux’s, xxxix, 
317, and xl, 23. Prof. Wincheil supposes that the soil of the prairies is of lacus- 
trine origin, produced during ay epoch of a vast inland fresh-water sea following 
the glacial epoch; and that in the silt or “slime” of such a sea all pre-existing 
seed would disappear, so that the vegetation that would spring up over the recov- 
ered land would be only that which seeds transported from distant regions would 
afford, and that this “ was more likely to be herbaceous than arboreal.” 

Mr. Lesquereux holds that the prairie land was recovered from the borders of 
lakes, rivers, and seas, (fresh or salt), by a process like that exemplified now on the 
borders of Lake Michigan and th i ppi, Minnesota and other rivers, in which 
the region becomes, to a great extent, first a flat of shallow waters, and then a 
marsh or bog, and that such soil, or mould, owing to the nature of the moss, Con- 
fervas, Characex, etc., which grow in stagnant waters and contribute to it, becomes 
next, as a matter of course, covered with sedges and grass. This resulting mould, 
he observes on p. 818, partakes “as much of the nature of peat as of that of true 
humus ;” it is “impregnated with a large proportion of ulmie acid, produced by the 
slow decomposition, mostly under water, of aquatic plants;” and “the acid of this 

, by its particularly antiseptic properties, promotes the growth of a group of 

ants mostly herbaceous,” while the wat f a free access of oxygen is unfavor- 
able to trees. He adds, “ of all the trees, the tamarac is the only species which, in 
our northern cli My 

This explanation is stated to cover almost all cases of natural prairies,—those 
“between the base of the Rox ky M is and the Mississippi,” the “ Platas of 

Par: desert plains of the 
vs of Holland,” “ the plains on 
he vast steppes of the Caspian,” 
e same results of a general iden- 


tical action, modifiec | sv “al and mostly climatic circumstances.” 


mate, can grow on a peaty 
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There is scarcely a day without low and heavy clouds about the 
summits of the mountains. Many streams of moderate size flow 
down both sides of the island to the sea, and numerous fountains 
gush out along the shores.’ 

Again at the Feejee Islands “luxuriant forests cover the ele- 
vated paits of the ridges where the frequent rains and more fre- 
quent mists and clouds afford them the necessary moisture,” 
while lower down, “the slopes, especially to leeward, are cov- 
ered with grass;” “the forest vegetation descends lower on the 
eastern declivities because they are well supplied with moisture 
from the trade winds—the rain of the southeastern side of Viti 
Lebu at least trebling that of the opposite side.” 

The rocks at the Navigators and the Feejees are of volganic 
or igneous origin, like those of Tahiti, and similar to the latter 
in composition and structure. 

On the western coast of America the distribution of trees was 
found to sustain the same view, as the writer has already ex- 
plained in this Journal.® Oregon, along the sea-border, over a 


readth of 15 to 25 miles, is mostly covered with forests made 


up of large evergreens, some ol the trees being 500 feet in 
height and 50 in girt; and the heavy sea-mists extend inland for 
about the same distance, covering the land the greater part of 
the time, even through the period of the summer droughts, 
And on the ascent of the Columbia, there is usually in summer 
a sudden transition from the mist region to that of clear brazen 
skies, Residing, in July 1841, at Astoria, within 20 miles of 
the mouth of the river, for three weeks we had hardly one day 
clear throughout; and for the following month, at Fort Van- 
couver, 100 miles from its mouth, we hardly saw a cloud the 
whole time, and the lofty peaks of St. Helen’s and Hood were 
generally without a cloud to their very top, indicating the dry- 
ness of the climate over this interior region. 

Beyond the forest border of Oregon, to the eastward, the 
plains and rolling hills, as those of the Willammet region, are 
bare of trees, excepting a sparse scattering of oaks, and lines of 
trees on the borders of the rivers, and along the slope between 
the upper and lower alluvial flat or terrace. But the higher 
hills, above one or two thousand feet in elevation, are largely 
forest-covered; for these, owing to their height and coolness, 
condense some of the moisture remaining in the sea-winds, and 
have, compared with the plains below, a moist soil, and the 
moisture which falls naturally descends along the surface. Far- 
ther east, beyond the Cascade Range of mountains, the dryness 
of the climate is more extreme, and the forests fail altogether 


* Exploring Expedition Geological Report by the Author. (4to. 1849), p. 314. 
* Same Report, pp. 339, 340. Ps 
* For details see same Report, and also this Journal, [2], vii, 387-394, 1849. 
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home which equally sustain the view that forests belong to 

moist climates, and prairies to those that are co 
As America is the moist contin 

forest continent of the g] 

America itself grad lates Ire 

verse, in parallelism with 

Uni 


continu! ty over the } arts which recei) he vreatest amount of 


ted states forests ornginail revaliet it aimost unbre ken 


rain with the least amount of « aporation, an prauries Or Se mi- 


deserts whe re the amount is small. er the eastern portion of 


the continent, from the Gulf stat to Labrador, including the 
most of New England and Ne ‘ork, the Atlantic states, and 
all of ‘Tennessee and Kentucky, the annual fal] of rain is 40 to 45 
inches or more; while in Michigan, the state which has afforded 
many of the facts appealed to by both Professor Winchell and Mr. 
Lesquereux, it is only 30 inches;* in a large part of Ohio, Indiana 
and I}linois, and in New York toward the St. Lawrence, it is 33 
to 40; and beyond the Mississippi west of Kansas and Iowa, it is 
25 to 15, and even 10 inches. Paralle | with the increase of dry- 
ness, as all know, there is an increase in the dominance of prairie 
land; and the prairies, where the 1e dryness is most extreme, grad- 
uate into semi-deserts. Such facts seem surely to prove that 
natural prairies have some kind of relation to dryness of climate, 
and that moisture has as much to do with the prevalence of 
forests. 

Over the moister region of New York, and much of New 
England and other portions of the country, it is common to find 
not only the hills and upper alluvial plains (or upper terraces of 
the valleys) covered with forests, where they are still in a state 
of nature, but even the —_ flats bordering the rivers. The 
writer spent his early life at Utica, N. Y., in the Mohawk valley; 
and facts cantalichins this hocteas are well exhibited all along 
that region. Forests still cover some parts of the lower flats, 
although they have been mostly cut away for purposes of culti- 
vation; and they continue north and south over the upper ter- 
races and on over the high hills. The writer was through the 
valley the past summer, and observed forest patches on the 
lower flats (or, where the forests are gone, the old stumps,) at 
several places between Utica and Herkimer, over the Herkimer 
flats, between Herkimer and Little Falls, between Little Falls 
and Johnsville, and also east of Johnsville. These forest 
patches have generally been left where they occur because these 
places were too moist or swampy for cultivation, or required 
more draining than the value of the land seemed to warrant. 

West of Utica, near Oriskany, there are large bogs which are 
so wet the year around that they are hardly penetrable unless 


* See Blodget’s Rain Chart, Army Meteorological Register. 4to, 1855. 
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change which can occur independent of 
lake margins, swamps, and meadows, both A ent. 

Near Norway I found a lake, one part of which has been gradually 
changing to a bog, and presenting all gradations from the open lake to a 
comparatively dry swamp. Approaching the bog, the water becomes 
shoal and the bottom is composed of black, soft vegetable mud of great 
depth, the surface of the mud supporting a variety of aquatic plants in 


patches, In still shoaler water clumps of sedges and rushes appear col- 
lecting around old stumps, driftwood, &c., and at the same point there 
are spots where various Ericaceous shrubs (such as Andromeda polifolia, 
Kalmia glauca, Cassandra calyculata, Ledum palustre, &c.). with the 
Aider (Alnus incana) begin to form dense patches of shrubbery bog- 
land. Back of this these patches begin to blend, and other species are 
added to the shrubs, while the drift logs, &c., give support to an abund- 
ance of sphagnum and herbaceous plants, and now trees of Arbor-vite 
and Swamp-ash begin to find support, first taking root apparently on the 
old logs overgrown with vegetation and covered with mould, but the roots 
extend downward into the soft mud and water. Both these trees will 
grow where their roots, and even the bases of their trunks, are continually 
bathed in water. Farther back in the swamp these two trees become 
larger and more dense, and are mixed with fir, alder, larch, and an oe- 
casional white-pine and hemlock; the latter, however, only becomes 
common upon the drier borders of theswamp. The red maple also often 
grows in these swamps, in the firmer spots. Many other shrubs also oc- 
cur, such as Rhodora Canadensis, Kalmia angustifolia, Vaccinum (severak 
species), Myrica Gale, &c. The entire assemblage constitutes a dense 
forest with thick underbrush. Some of the Arbor-vite grow to a diam- 
eter of three feet, and the Ash to 15 or 18 inches, in the wettest parts. 

The fina! condition of this kind of swamp may be seen in another 
place a few miles distant, where an extensive meadow has been formed by 
clearing a portion of such a swamp in a farther advanced stage, and par- 
tially draining it. This has been cleared about fifty years. It was form- 
erly covered by a forest similar to that described, and some portions still 
remain in the original condition. Other parts that have been neglected 
have grown up to thickets of alder, white birch, American aspen, and 
other trees, The grassy portion covers 300 acres, or more, and in many 
parts is still quite wet and soft. The soil is composed of peat and muck 
which in many places has been penetrated to the depth of 6 or 8 feet, 
and is doubtless deeper in some parts. On some patches of low clayey 
soil, originally islands or low points of land, there are dense thickets of 
larch. 

In the same region there is another extensive meadow surrounded by 
high, well defined banks of drift material, often terraced, and forming 
apparently the bottom of an ancient lake at the close of the Drift period, 
The lower parts of this basin are occupied by extensive swamps, similar 
to those already described, while other parts, composed of sandy soil and 
somewhat higher, were originally covered with a heavy forest of Pine. 
There is no evidence that grass ever grew upon any part of it until 
cleared by man. 

I have observed some cases where lands have been flowed by means of 
dams at the outlets of lakes. In these cases, those trees, even of swamp-~ 
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a. Elms, maples, and other shade trees drop their fruit pro- 
fusely over a grass-covered lawn, and yet none take root. The 
grass prevents the seeds for the most part from reaching the 
soil; or if washed into it by rains, the pre-occupation by the 
grass hinders their development. 

6. But along the sides of an earth-made path, and in shaded 
places, as near a fence or hedge, a crop of young plants will 
often spring up. 

c. These young plants, as the writer has observed about his 
own grounds, die off during an ordinary summer’s drought. 
Only those which spring up where the earth is kept moist by 
the shade and the position is one favorable for perpetuated 
moisture, and those which fall into the open and enriched soil 
of a garden, will stand the usual summer’s drought and live. 

d. The simple fact is that the roots of most trees are slender 
and rather sparingly branched, and the leaves also are few; and 
unless they have a chance to strike deep before a drought, down 
to depths where there is permanent moisture, and take consider- 
able expansion at such depths, they are cut off by the dry 
season. Even if a peculiarly wet summer favors the seedlings 
so that they get a year’s start, the drought of the following year 
is almost sure to cut them down. 

In view of the facts we believe we are safe in deducing the 
following conclusions : 

L. A prevalence of moisture is connected directly with a preva- 
lence of forests—This is exhibited in the distribution of forests 
over the surface of the continent; on mountains; down the val- 
leys of mountains, where outcropping layers bring moisture 


to the surface; along the slopes dividing the alluvial terraces of 


many prairie regions, where moisture oozes out for the same 


tt 

reason—the stratification of the alluvium; over many prairie 
plains when they are unusually moist; and along the banks of 
erivers, which feel even the narrow fogs that may overlie the 
stream. 

To avoid misapprehension of this statement it should be con- 
sidered that this moist condition is not proportioned necessarily 
to the annual fall of rain and snow. For the mists which pre- 
vail throughout the year along some sea-coasts, and in some 
mountainous regions, may not drop half the amount of moisture 
in a year that descends through rain and snow in other regions, 
and still be vastly more favorable for forests. The mist keeps 
the ground always moist. The rains, on the contrary, may de- 
scend plentifully during half the year and give a large number 
of inches of fall, and yet be followed by a season of drought 
unfavorable to forests. Moreover, a large part of the waters of 
rivers flow off in the streams to distant regions; while the more 

Am. Jour. S8c1.—Szconp Series, Vou. XL, No. 120.—Nov., 1865. 


39 


é 
4 
j 
i 
U 
q 
> q 


302 


gently distil! 
much less | is of the greatest 
fall of moistu , not necessarily correspond 
with those 


wet, and lose 


D t t rest The area of even 
45 inch 


therefore 
an area tbl 


Again, t 
mists, Xc. 
the conse 


Sacramento 
moistt 


r the cooler 


Kes progress 
vers the slope 
some prairie 


the prairie 


ts precurs- 
yrowth among 
Droughts 


|| J. D. Dar P; 
cause ol 
like tha climate, 
evapo! little 
same mois But the 

of Perus t like that 
ina I s ol rain 

a have fai te, would 

those lov t than in 
sippl va Missis- 

the Sierr uin-fall in 
on Vv 

2. In 
gravel, wind. loosest 
most Lin p 
America, tern North 

States of ‘ts in th 
different f moisture, the 
producti s in unlike 
droughts: uck to feel 
mould st t vegetable 
perman w over soils 
the sat i t that when 
unfit fo soil is still 
takes t land, grass 
soon spl : ons, may 
ace the rever 
Where the 
lying bet a 
regions, 

But if 

ors in ot 
the near 


J. D. Dana on the Origin of Prairies. 303 


do not destroy the grass, while they do the seedlings of the 
trees; and when, under such conditions, the old trees die, they 
die without successors. The encroachment is the slow work oi 
centuries, because the standing trees are not injured by such an 
undergrowth. They live out their life-time, if left to nature, and 
only when they die does the meadow-surface complete itself. 

The forest, as has been explained, cannot ordinarily encroach 
on the prairie. But if a prairie, through any change of circum- 
stances, becomes permanently wet, so decidedly so as to weaken 
the grass, but not a region of permanent water, then the forest 

as its chance for encroachment. 

4, If moistness, then, is especially favorable to the growth of for- 


ests, a change in the moistness of a re won occasioned by geological 
events would be attended by a change tn the ada ptedness to such 


growth.—The Champlain epoch of the Post-tertiary, when por- 
tions of the continent over the higher latitudes were much de- 
pressed, (in many parts 300 to 400 feet). and the more southern 
much less so, and when the great upper terrace flats of our lakes 
and rivers, often many miles in width, were made, was a time 
of warmer climate over the continents than the present, as the 
distribution of the terrestrial animal life of the era proves.’ 

It was, also, as the same terraces and the raised beaches prove, 
an era of wider expanse of lakes and rivers over the land. It 
was, therefore, in all probability, an era of moister climate 
over these regions than now. ‘This being so, it was an era emi- 
nently favorable for the growth and extension of forests, when 
trees would have taken possession of the dry land not under 
water; that is, wherever it was not too dry, as even then was prob- 
ably true of the far west. Now, after this Champlain epoch of de- 
pression, an elevation of the land began, bringing the continent 
up toward its present level, causing a change of climate to one 
of greater coolness and dryness, draining extensive regions that 
had been under water, and drying moist areas. Consequently, 
there would have been, from the beginning of this change, a 
tendency to a narrowing of the forest regions; and, with such a 
tendency, an actual narrowing would, in one region or another, 
have begun. 

As the various parts of the continent would have differed hy- 
grometrically during the Champlain epoch in the same way as 
now, the great dense forests of the continent, on this side of the 
Rocky Mountains, would have then, as now, covered the eastern 
portions, and the great treeless regions would have been beyond 
the Mississippi. Any subsequent extension of the prairies that 
accompanied the approach to the present era and condition 
would, therefore, have been from the west toward the east, 
The prairies would have gradually stretched their bare surfaces 


® See the author’s Manual of Geology, pages 547 to 567. 
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Art. XXXI.—On the Construction of a Spectroscope with a num- 
ber of prisms, by which the angle of minimum deviation for any 
ray may be accurately measured and its position in the solar spec- 
trum determined ; by P. Cooke, Jr. 


IN an extract from a letter of the author published in this 
Journal, vol. xxxvi, p. 266, a method of adjusting the prisms 
of a compound spectroscope was described, by which the ad- 
justment for any portion of the spectrum could be obtained 
with great rapidity and accuracy. <A further study of the sub- 
ject has shown that the method of adjustment then only briefly 
described admits of the highest precision, and may be applied to 
the exact measurement of the angle of minimum deviation of 
the spectrum rays. It has been thus possible to apply the great 
dispersive power of the large Cambridge spectroscope in deter- 
mining the relative position of the various spectrum lines, and 
to secure all the accuracy of which angular measurements are 
capable. The value of such measurements is obvious, and with 
the hope that this method will prove to be an assistance to in- 
vestigators we propose to give in this paper a description of our 
instrument and of the manner of using it. 

The general construction of the instrument is shown in fig. 1. 


The two telescopes are constructed in the usual way. The 
telescope A, which we shall call the collimator, has an adjust- 
able slit placed exactly at the focus of the object glass. The 
small tube which carries the slit slides into the body of the tel- 
escope, but a rack and pinion motion would be preferable, so 
that when the focus is changed the slit will necessarily remain 
vertical. The rays of light diverging from the slit and rendered 
parallel by the object glass of the collimator next pass through 
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concentric with the graduated limb and bears a vernier by which 
the angular motion may be determined, reading to 10”. In 
the socket of the first plate rests the pivot of a second plate, 
C, which turns on the first and supports the prisms with the ad- 
justing wheel A. The diameter of the upper plate is an inch 
less than that of the lower plate, so as to expose the graduated 
arc near the outer edge of the latter, and its upper surface is as 
flat and even as possible. Rising from the center of the upper 
plate there is a tall screw pivot of iron, B, on which turns a 
conical wheel, made also of iron. By this motion the wheel 
may be either raised or lowered. This wheel is an essential por- 
tion of the instrument, and we will next consider the theory 
of its use. 

In the ordinary method of measuring the angle of minimum 
deviation with a Babinet’s goniometer the prism is placed on a 
revolving plate at the center of the graduated circle, and so ad- 
justed that the edge of the refracting angle shall be perpendicu- 
lar to the plane of the circle, and its bisectrix parallel with a 
diameter of the circle. The axis of the collimator and observ- 
ing telescopes, moreover, being parallel with a diameter of the 
circle, it is evident that, when the prism and telescope are turned 
into the position of minimum deviation, the vertex of the angle 
of minimum deviation will coincide with the center of the 
circle, and hence the are intercepted between two radii of the 
circle parallel to the axes of the two ae will be the 
measure of the angle required. This angle is ‘wget lly meas- 
ured by first bringing into line of collimation the obse rving tel- 
escope and collimator, so that the image of the slit at the end of 
the collimator coincides with the vertical wire in the eye-piece 
of the telescope. The position of the vernier on the graduated 
arc is now noted. Then, having adjusted the prism, both the 
prism and the telescope are turned to the position of minimum 
deviation, and a coincidence established between the vertical 
wire and one of the lines of the spectrum. The vernier is now 
again read and the difference between the two readings is the 
angle of minimum deviation for the ray corresponding to that 
line. 

It will be obvious however 
from fig. 3, that it is not neces- 
sary for the accuracy of this 
measure either that the prism 
should be placed at the center 
of the circle, or that the axes 
of the telescope should be par- 
allel to one of its radii. If 
only the bisectrix of the refract 
ing angle passes through the 
center of the circle, the prism 
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the collimator. In order to facilitate this adjustment the tele- 
scopes are provided with caps which cover the object-glasses of 
the telescopes with the exception of a narrow vertical slit at the 
center. The pivot of the observing telescope was next clamped 
and the caps having been removed the image of the slit seen 
through the observing telescope was brought into exact coinci- 
dence with the vertical wire and the position of the vernier noted. 
The prism was now brought back to its place by turning the up- 
per plate of the instrument, and the observing telescope also 
turned until the position of minimum deviation for the ray D 
was attained and this well known double line brought to coincide 
with the vertical wire. The limb was then again read, and the 
difference of the two readings gave the angle of minimum devi- 
ation for the prism. 

In order to show that this method of measurement is perfectly 
accurate, we give below the angles of minimum deviation of the 
nine prisms of the Cambridge spectroscope measured as just de- 
scribed, and in a parallel column the same angles measured in 
the old way with the prisms at the center of the plate. It will 
be seen that the differences are insignificant and within the 
limits of error of observation : 


Measured at Measured on 
center of plate edge of plate. 


29° 10” 29° 31° 10” 
10” 29° 29/ 10” 
10” 29° 28’ 10” 
0” 29° 36! 411” — 20" 
30" 29° 28/ 40” +10” 
30" 29° 36’ 10” — 20” 
10” 29” 28/ 10” 
30" 29° 29’ 40” -+-10” 
40” 29° 29! 40” 


. 2 
.3 
.4 


In 


267° 37! 50” 

Although the adjustments required may appear complicated, 
they can be made in far less time than it has taken to describe 
the method. 

It is a well known fact that when a beam of homogeneous 
light passes through a prism at the angle of minimum deviation 
the incident and emerging pencils make the same angle with the 
faces of the prism, at which they respectfully enter and leave 
the glass. Hence a second prism like the first stands in the same 
relation to the emerging beam in which the first stands to the 
incident beam. If then, after the first prism has been adjusted 
at the angle of minimum deviation a second prism be applied 
against the wheel at the side of the first, by moving the prism 
slightly to one side or the other, it will be easy to find a posi- 
tion, in which this prism also is at the angle of minimum devia- 
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40 


Nom, 
N oll, 
No. | 
No. ii, 
No. 8, 
No. 9, 


310 


tion, moving 
ing the posit 
may be add 
Cambridge s 
shown in fi 
éver, once 
when the 
adjusted 
ened to 
flexible | 
which, p: 

a box at 
each prism, 
cured by 
screws. 

this ribbo 
are attached 
brass drum 
ing woun 
ordinary 
draws the 
prisms 

the conical 
keeps them 


place. By 
path of ara 
geneous yhtt 


condition: 
tances betw« 
the prisms 
will be ev 
refrangibilit 
the circle, 
that the ray 
ing the dir 
tion and dis, 
proximative 
The dimens 
mined—tlhi 
extreme red, 
to the extreme 
facilitate thé 


e on the Spec froscove 


thout disturb- 


ner other prisms 


ined. (In the 
ns ol 45°. 


made, how: 


S tangent to 
the 

he dis- 
when 
lescribed, it 
the 
diameter of 
veda in order 
and, know: 


x of refrac: 


Sl UC 


ig 
g 


In order to 
sraved encir- 


ee 
yrresponall 


\\ 
\\ 
\\ 
} 
}// 
series of 
as 1s § 
it will be 
the path of 
the same ci! st 
a ven Case. 
thus deter- 
to the 


J. P. Cooke on the Spectroscope. 311 


cling the wheel at equal distances from each other and numbered 
from 1 to 12. 

Having described the construction of the instrument it will 
now be easy to understand the method of using it. Let us sup- 
pose that the object is to measure the angle of minimum devia- 
tion of the blue ray of the strontium spectrum. By examining 
any chart of the s spectra of the chemical elements it will be 
found that this line is situated roughly at somewhat less than 
two-thirds of the distance from A to H. If, then, we turn the 
conical wheel until the pins of the prisms al! rest against the 
line marked 7, we shall have approximatively the true position. 
We then adjust the collimator with reference he first prism 
exactly as before described for a single prism. ‘l'urning then 
range, we 


1+ 


the upper plate so as to remove the prisms out of 
bring the observing telescope into collimation win the collima- 
the 


Oo 


tor, as also before described, when on reading of > limb we 
have the starting point for our measure. We 2 next turn the 
plate and move the telescope until the spectrum appears in the 
field, and carefully bring the biue line to coincide with the ver- 
tical wire at the position of minimum deviation. We now 
raise or lower the conical wheel and notice if in this way the 
angular deviation is diminished, and leave the wheel in the po- 
sition where the minimum is reached. It now only remains to 
again read the limb when the difference of the two readings 
subtracted from 360° will give the angular deviation required. 

When near the position of minimum deviation a large motion 
of the conical wheel produces only a slight motion of the image, 
so that after a table has been made giving the position of the 
wheel for a few of the marked lines of the spectrum it isalways 
possible to bring the wheel at starting to the desired point. More- 
over, the fact that when near the position of minimum deviation 
the position of the image is affected so slightly by a small change 
in the position of the prisms, renders it possible to make all the 
adjustments required with exceeding rapidity and accuracy. 

In order to test the accuracy of our method we have made 
several determinations of the minimum deviation of the line D, 
and al ithough between each determination the whole apparatus 
was comp! le tely dismounted, the value obtained was in all cases 
267° 87’ 50”.* It will be remembered that the sum of the angles 
measured on each prism separately at the center of the plate, as 
given on page 309, is precisely the same (267° 37’ 50”) and the 
sum of those measured on the edge of the plate (267° 37’ 80”) 
only differs from this by 20” 

When it is not important to use absolutely the whole aper- 
ture of the prisms it 1s not negessary to change the position of 
the collimator in passing from one part of the spectrum to an- 

? As the mékn of the two lines, 
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described in this paper, with the exception of the glass prisms, 
was made by Messrs. Clark & Sons of Cambridgeport, and we 
would here especially express our indebtedness to Mr. George 
Clark for his great ingenuity in planning and executing the me- 
chanical details. We reserve for another article an account of 
the results of our measurements. 


Art. XXXII.— Experiments in Mechanical Polarity ; by PLINY 
M.A., S.P.A.S.' 


I HAVE already published three simple experiments in mechan- 
ical polarization (Proc. Amer. Philos. Soc., ix, 359), and I have 
endeavored in various ways to show that terrestrial magnetism 
is probably owing to an analogous polarization of aerial and 
ahotia! currents. Finding that my hypothesis was sustained 
by some remarkable numerical coincidences, as well as by vari- 
ous points of correspondence between the assumed influence of 
gravitation-currents anc the observed daily variations of declina- 
tion and inclination, I sought for some practical demonstration 
of the truth of my inferences. I therefore endeavored to imitate 
the movements of the atmosphere by mechanical contrivances, 
and the results, which are in most respects such as I anticipated, 
and which are all susceptible of an easy explanation, are em- 
bodied in the following additional experiments. 

4. By the use of fans, bellows and blowers of various kinds, 
either alone or in conjunction with directing discs, currents may 
be produced that will deflect the needle in any desired direction, 
in accordance with simple and evident mechanical laws. 

5. I have tried iron, copper, wood, zinc, and pasteboard, and 
find, as I anticipated, that the material employed for producing 
or directing the artificial currents has no effect upon their mere 
mechanical action, but I have found the results most satisfactory 
when, in order to avoid the complication of induced magnetism 
or electricity, I employed non-conductors, such as wood and 
pasteboard. U pon subsequently repeating the experiments with 
different metals, the effects of the induced currents have been 
plainly shown. 

6. Increasing the number of directing discs (provided they 
are all par: illel), often modifies the intensity of current-influence, 
but does not appear otherwise to affect the result. 

The most striking developments that I have yet hit upon, 
were obtained by the aid of a Gaussian modification of F araday’s 
apparatus for showing the electric currents developed in moving 
metallic bodies by terrestrial magnetism. It consists of a heavy 


* From the Proceedings of the American Philosophical Society, July 21, 1865. 
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thermal meridians and meet at the thermal pole, I constructed 
a compound dise (m), of two circular segments, inclined toeach 
other at an angle of about 80°, with which I tried the following 
experiments :— 

B. Spherical-angular disc. 

a. Axis in magnetic meridian. 

14. If the dise is so placed, with its opening towards the 
south, that its angle is bisected by the meridian, the current- 
polarity carries the needle in the same direction as the motion of 
the top of the ring. 

15. If the opening of the disc is turned to the north, the ap- 
paratus re maining in other respects as in —. last experiment, the 
current-polarity is reversed (as in Exp. 

16. Placing the disc equatorially, Iam nit to discover any 
ait} nt- polarity. 

. Inclining the dise towards N and S.E., the needle 
moves towards the east, whether the. —— of the dise is to- 
wards the north or towards the south. 

18. If the inclination is towards N.E. and S.W., the motion 
of the needle is westerly. 

Experiments 14 to 18 are perhaps the most interesting and 
important of the entire series. KExp. 14 represents the direction 
of the gravitation currents that tend to restore the equili brium 
which is continually disturbed by the thermal radiation of 
the northern hemisphere, while Exp. 15 represents the like di- 
rection in the southern hemisphere, and all the experiments 
demonstrate that in the daily magnetic fluctuations, the motion of 
that end of the needle which vs nearest to the equator should follow, 
precisely as observation shows that ut does follow, the direction of the 
sun's meridional influenc 

b. Axis in magnetic equator. 

19. When the disc is in the meridian, the current-polarity and 
the magnetic polarity coincide. 

20. If the disc is in the equator, with the opening to the east, 
when the top of the ring moves towards the north the needle 
declines to the east. 

21. But when the motion of the ring is towards the south, the 
current polarity is reversed, and the needle declines to the west. 

22. The reversal of the disc, placing the opening to the west, 
likewise reverses the polarity, the declination being east when 
the ring moves south, and west when the ring moves north. 

23. The disc being inclined to N.W. and S.E., the needle de- 
clines towards the west (the action in Exp. 17 being reversed). 

24. Changing the inclination of the dise to N.E. and S .W,, 
the declination changes to east (reverse of Exp. 18). 

From Exp. 19 to 24 we may infer that in consequence of the 
action of the trade winds, combined with the greater radiation of the 
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northern hemisphere, there should be a constant eastward tendency of 
the magnetic declination ited by the secular variation 
of the needle. 
c. Axis 45 rid 

25. When the disc l yr near th lian, there is aslight 
tendency in the extremity of the e which is under the 
opening of the d to follow the direction of the top of the 
ring. In all ot pos edle declines /rom the axis. 


d. Axis vat 
26. If the ine yn of the axis 1 he meridian is less, or 
greater, than 45 t esults ap] ximate re spectively to those 
obtained when the axis is in the meridian, and when it is in the 
equator. 


Art. XXXII t f 1; by Joun M. Orpway, 


Or the scattered ; ve met with respecting the 
action of nitri few none al rthy of entire 
confidence, bs all a lefective in the statement of condi- 
tions; and { to n t rvations, they commonly set 
forth partial iacts iol nel : way Thenard long 
ago fell short of ectness il 1 and ry assertion when 
he said,’ “‘On ne peut obtenir nitrate de fer vert et du 
nitrate de fer rouge: et pre se forme-t-il qu’en 
prenant de 5°. et 
au plus a 12° a1 toit } oncentrée, une portion 
de |’oxide rou e precipiteroit, et l’on n’en retrouveroit plus 
en dissolution q trés p l avoit 3 i 40°.”’ And some 
later observers | 1 Litt e successful in generalizing 
from insufhi t data ilar that chemical writers in 
speaking of the 1 | react have hardly alluded to any 
other cause of creat div ybserved except difference in 
the strength of the acid vy does indeed go so far as to 
make a rather indefinite t f temperature, and describes 
the phenomena t Puy ery dilute nitric acid, that is, 
such as of speci! avity 1°16,’ is made to oxvdate iron without 
the assistance of hy h lut gives out no gas for some 
time, and becomes rk olive-t “When very dilute 
nitric acids ar to act assistance of heat, 
nitrous oxyd is produced erable q tity mingled with 

' Annales de Cl f . ted \ s of Sir H. Davy, iii, 112. 

? The 1:16 must be t r that strength can har ily be called 
“very dilute,” and in f f I ex at very low tempera- 
tures,—acts rapidly on in ny kind, aud undantly 
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nitrous gas and nitrogen.” “In the beginning of a dissolution 
the nitrous gas generally predominates, in the middle nitrous 
oxyd, and at the end nitrogen. " 

it should be remembered that the terms tron and nitric acid 
are too generi allow smilies and definers to be altogether 
dispensed wi also be borne in mind that a finely 
divided metal Ss mn a ays behave exactly like compact 
lumps « le same; an at heating or cooling a few degrees 
sometimes suffices to « see » the order of affinities of substances 
in mutual contact. A nd phil sophy would ger ne at the 
I action of nitric acid on 
ie strengt! I the form, the kind, 
the amount of iron, and the quantity put in ata 
itial temperature, and the range of temperature 
st or agitation, and 
the data afforded by a few hundred experiments, 
ter into a systematic and thorough dis- 
possible causes of variation; but the narration of 
rin cipal trials will serve to show that most of 

“i iniluences are re ally O} erative. 
ht iron turnings and weak acid were fou ind sometimes 
ff hydrogen copiously and rodu en p 


i 


in othe r instances nitric oxy: 
rmed. 

comparable trials, turnings were secured clean and 
ey fell from the lathe in turning 
The acid used was a nearly col- 
-ommerci: itric acid abo it free from chlorine and sul- 
1 The following are the final approximating terms 
convergent series of experiments made by varying the tem- 


eratures, all other things being equal : 


C., 100 g. of nitric acid of sp. gr. 1°03, with 5 g. of iron 
ly 


The temperature 


l 


hydrogen for a few moments 
1 to the end. The temperature 


ic acid of sp. gr. 1:04, and 5 g. of iron 
2a pl tonitrate. The heat rose to 454°. 
tities of same materials gave nitric 


r, 1:05 and 6 g. of iron gave 
10 


inserted rose to is 


1:05 and 6g. of turnings evolved nitric 


Og. of acid of sp. gr. 1°06 with 3 g. of iron evolved 
hydrogen + ee the action, though the temperature rose to 27°. 
Am. Jour. Sc1.—SEeconpD Series, VoL. XL, No. 120.—Nov., 1865. 
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b6,—At 23° C., 100 parts of nitric acid of sp. gr. 1°04, with 4 parts of 
the same cast iron, evolved nitric oxyd and yielded a pernitrate. 

8, «—100 parts of nitric acid of sp. gr. 1°05, with 50 parts of cast 
iron, emitted hydrogen only. 

b.—100 parts of nitric acid of sp. gr. 1:05, with ten parts of the same 
iron, extricated hydrogen at first and then evolved nitric oxyd and pro- 
duced a pernitrate. 

Minute proportions of sulphur or phosphorus are known to 
have a wonderful effect on the physical properties of iron, and 
now the hydrogen production shows that one substance at least 


possesses a not less remarkable power of altering the normal 


chemical reactions; for whén we take the purest iron to be had, 


such for instance as that used for fine wire, the alternative of 

nitric oxyd evolution is silent solution. When no gas is set 

free the product may be either protonitrate, or pernitrate, or an 

uncertain mixture of the two; and after long continued action, 

otoxyd of iron or peroxyd may be precipitated. Oftentimes, 

vhen air is freely admitted there is not only no loss but an 

gain in weight. In such cases probably nitric oxyd in 

orms slowly, but rising no farther than the surface of the 

l it is regenerated and fixed by atmospheric oxygen. There 

ilways a production of nitrate of ammonia, but I have inva- 

in found the quantity much too small to account for all the 
oxvdation that takes place. 

For trials of the purer irons, coarse wire was taken, of such size that 

meter weighed 15°6 g. A fine wire was used weighing 0°54 ¢. per 

er, and therefore for the same weight presenting 54 times as much 

face as the course, 
9,a.—At 0° C., 100 g. of nitric acid, of sp. gr. 1:05, with 52 g. of 
rave off very little gas and made a protonitrate containing 


oarse wire, g 
26 p.c. of ammonia. 
b.—At 22°C., 105 g. of nitric acid of sp. gr. 105, with 5:2 g. of 
coarse wire, gave off nitric oxyd, and made a solution of basic pernitrate 
which contained 0°12 p.c. of ammonia, 
10.—At 0°C., 54 g. of perfectly pure nitric acid of sp. gr. 1:05 with 
. of fine wire, lost 0°080 g. and made a protonitrate and some green 
The product p. ¢. of ammonia. 
0° C., 68g. of nitrie acid of sp. gr. 1:06 and 3°5 g. of fine 
only 0°090 ge Somewhat more than half of the iron dissolved 
in the state of protonitrate. There were in the product 0°09 p.c. of 
ammonia, 

’ nitric acid of sp. gr. 1:10 and 10g. of fine 
wire lost 0°72 g. The product contained 0°26 p.c. of ammonia and 6°7 
p.¢. of iron, of which about two-thirds were in the form of protonitrate, 

Thus, by operating on the purer sorts of iron at low tempera- 
tures, we may get an unmixed protonitrate, with acid of as high 
a specific gravity as 1:05. And acid of much greater strength 


gives some protonitrate, if the action is retarded by cold. 
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iron. In speculations respecting the cause of passivity, it has 
not unfrequently been taken for granted that this singular 
change is wrought in iron only by the very strongest acid. 
Thus in a brochure’ setting forth a new theory of the constitu- 
tion of acids, Peretti gives the following unsound instance in 
support of his views, and goes on to argue that inactivity is 
owing to the lack of a certain hypothetical deutoxyd of hydro- 
gen:—‘“T] ferro che 3 attaccato si fortemente da questo acido, 
preparato con il commune metodo AzO, +2HO,, cessa di esserlo 
posto a contatto con l’acido azotico fum: Of AzO, +HO, cioe a 
dire con questo acido privi ato de un e quivale nte di acqua, ” ’ ete. 
But the fact that an acid of as low a specific gravity as 1°20 
may refuse to act on certain kinds of iron is far from lending 
any support to this and some other theories that have been pro- 
posed. The strongest acid has apparently no more effect on 
iron than so much water would have; but with acid moderately 
strong there is often a momentary action, and then the metal 
brightens and undergoes no oe Change. Initial tempera- 
ture has much to do with determining the continuance or term- 
ination of the active state; and aE for any particular acid or 
iron it is not easy to state the exact degree beyond which qui- 
escence is no longer possible; for in a still liquid, an incipient 
action may, by reason of local heating, get oe a start that it 
will go on to the end, while a thorough and constant ~~ 
would so distribute the small amount of heat evolved on first 
contact as to cause a speedy cessation of chemical change. But 
when passivity has once supervened, it requires very strong 
heating of the acid to make it attack the iron again. The fol- 
lowing trials show that in treating of passivity we should take 
into account not only the strength of the acid but also its qual- 
ity and temperature, the degree of agitation, and the kind and 
condition of the iron: 

15.—Some nearly pure commercial nitric acid of sp. gr. 1°36 being 
heated to 34° C. and briskly stirred, a bit of bright iron wire was drop- 
ped in. The action continued till the metal was all cone. 

In another experiment with the acid at 33° C., the action quickly 
ceased. 

16.—Nitric acid of sp. gr. 1°38 warmed to 81° C., soon rendered iron 
wire passive, 

Some of the same acid at 32° C., kept on acting till the iron was used up. 

17, a—A nearly pure and colorless acid of sp. gr. 1°39 warmed to 30° 
C., rendered iron wire passive ; but when such acid was heated to 31° C., 
before adding the iron, the action kept on. 

b.—Some crude red acid of sp. gr. 1:39 warmed to 41°5° C. exercised 
but a momentary action on wire; and when the acid and iron were 
heated together after the contact, the wire did not recover its active con- 
dition till the temperature was carried up to 88° C. 


® Dell’Azione chimica dell’Acqua sopra i Sali e sopra gli Acidi. Roma, 1861. 
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Such acid of sp, gr. 1°34, at 65° C., rendered the steel passive; with 
the initial temperature 65°6° it continued to act. 

Acid of sp. gr. 1335, at 58°3° C., soon ceased to act; with such acid 
at 58°9° the action went on to the end. 

With acid of sp. gr. 133, at 49°4°C., the action was momentary ; 
with this acid first heated to 50° there was no stoppage. 

With acid of sp. gr. 1°327 the limit of passivity lay between 47°2° and 
47°8° C. 

Acid of sp. gr. 1°32 at 32°2 


29-Q° ] 
the action continued. 


° induced passivity ; with the same acid at 


With cast iron the limit of passivity cannot be so precisely 
defined. Acid of moderate strength often continues to dissolve 
the iron very slowly and silently after the first momentary, vio- 
lent action is over. It having been found by many trials that 
passivity may occur in cast iron even with acid of as low sp. gr. 
as 1:20, the following definite experiments were made: 


25.—Took in each case a tared lump of iron weighing between 2°8 


and 3°3 grams, and some acid at 25°5° C. At the end of four hours the bits 
of iron were cleared of the loosened carbon, washed, dried and weighed. 


With acid of sp. gr. 1'20 the iron had lost 0 218 g. 

“ 1:19 0-290 
1:18 ‘“ 0'386 
“ “ 4 “1497 
“ “ 116 

“ “ 1612 
“ “ “1454 

With the 1°20 acid the apparent action lasted but five minutes, and in 


the next two cases the evolution of gas continued somewhat Jonger. In 
rhout. 


ihe remaining instances the action lasted throu 
26.—Of another specimen of iron, pieces weighing between 6 and 7 
grains were tried, each with 20 ¢.c. of acid at 28°C. At the end of 18 
hours the products were gelatinous, basic pernitrates, turbid looking, but 
quite soluble in water. 
With acid of sp. gr. 1:18 the iron had lost 2°264 g. 


‘ 1750S “ 
“ 117 “ 2-966 
1°16 2-246 


27.—Another sample of cast iron in pieces weighing between 2°7 and 
3 grams was tried in each instance with 20 c.c. of acid at 23°C. At 
the end of nine hours the iron in acid of sp. gr. 1°20 had lost 0-285 g. 

195 “ 0-296 

"19 0°27 
0°315 
18 “ 0°375 


] 
l 
] 
] 
0°407 
l 
] 
] 


“17 “ 
165 0°708 
16 1°692 
155 “ 1:856 
15 1°830 
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2.—There may be silent action with the production of proto- 
nitrate, or of pernitrate, or of both together. 

8.—There may be a more or less rapid evolution of gas,— 
mostly nitric oxyd,—and the formation of an acid, normal, basic, 
or rusty pernitrate, or of a mixture of protonitrate and per- 
nitrate. 

4.—Hydrogen may be given off continuously, while a proto- 
nitrate is formed. 

5.—Hydrogen may be evolved rapidly at first and then more 
and more slowly till there comes a pause; after which the re- 
action changes and nitric oxyd is liberated abundantly, a per- 
nitrate being the final product 

6.—A very small portion of the acid may be decomposed so 
as to generate nitrate of ammonia; and this can take place 
while nitric oxyd, or hydrogen, or no gas at all is given off. 

7.—During a moderate action there may be an absorption of 
oxygen from the air, and consequently a greater amount of oxy- 
dation will ensue than can be accounted for by the gases extri- 
cated and the nitrate of ammonia formed. 

Pernitrate solutions made with weak acid and excess of iron 
are generally so basic as to become turbid when they are treated 
with a solution of any sulphate. The precipitate, which is 
probably the tribasic persul!phate of iron, is producible when- 
ever the nitrate solution contains less than two equivalents of 
acid to one of ferric oxyd. 

The proneness of nitric acid to dissolve an excess of iron, 
renders it hardly possible to make directly a solution that shall 
contain an exact normal nitrate; for even if we try to use the 
precise quantities of material which theory would indicate, the 
reaction is not simple enough to allow us to predict just how 
much acid will be consumed in effecting the ox) dation. Yetthe 
procuring of a normal nitrate, whi ch has been spoken of by 
some writers as very difficult, is far from being a hard matter. 
We have only to resort to the process by which most other 
crystallizable salts are insured free from excess of acid or base. 
The nitrate readily crystallizes out of an acid or normal solution, 
and of all the ferric salts it is the easiest to obtain in crystals 
and in a state of purity. In concentrating a solution, care should 
be taken to apply but a moderate heat; and, before setting it 
aside to crystallize, enough strong nitric acid should be added 
to make the liquid seen in a thin stratum appear of a pale e yel- 
low color instead of a deep red. 

Solid Nitrate of lron—There are two definitely crystallized 
sesquinitrates of iron, differing much in form and composition. 
The cubic nitrate noticed by Schénbein’ in 1836 and analyzed 


by Hausmann” in 1854, is a tetrahydrate, Fe,0, 83NO, 12HO, 


® Pogg. Ann., xxxix, 141.  Annalen der Ch. and Ph., Ixxxix, 109. 
Am. Jour. Sc1.—Seconp Series, Vor. XL, No. 120.—Nov., 1865. 
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acter and composition, and its close correspondence to the ni- 
trates of alumina and chromium. 

_ Hausmann obtained the cubic nitrate by evaporating a solu- 
tion, at a very moderate heat, to the consistency of syrup, and 
then adding to it half its volume of nitric acid. By analysis, 
the crystals pressed in absorbent paper, gave him per-centages 
corresponding to Fe, 0,,32 NO, +13HO, equal to Fe, O,, 
3NO, , 12HO+2(NO, 4HO). 

Wildenstein” found several pounds of cubic crystals deposited 
from a quantity of very strong commercial nitrate that had 
stood a year and a half. They had almost exactly the composi- 
tion Fe, O,,3NO,,12HO. These accidentally formed crystals 
appear to have come from a somewhat basic liquor deficient in 
water; and that the segregation had taken place under very un- 
favorable circumstances, is shown by the fact that only “10 
Pfund” crystallized out of ‘24 Centner”’ of the solution. 

Hausmann’s crystals were produced in a very concentrated 
liquor contfining a large excess of acid,—a condition much 
better suited to giving a large crop. A lack of water is, no 
doubt, the essential requisite for the production of cubic ni- 
trate; for I find, by many experiments, that unmixed cubic 
crystals can be made at pleasure by so adjusting the solution to 
be crystallized, that the attraction of the tetrahydrated nitrate 
for water, shall be rather more than counteracted by the at- 
traction of an excess of nitric acid for water ;—that is, so that 
the liquid shall consist of tetrahydrated ferric nitrate dissolved 
in trihydrated nitric acid. Almost the whole of the nitrate then 
crystallizes out, because at low temperatures it is but slightly 
soluble in acid of such strength. A solution containing more 
water than will make up Fe, O,, 3NO,, 12HO+n(NO,, 3HO) 
may afford afew of the rhombic sexhydrate crystals mixed with 
the cubic; and one containing less water will hardly give any 
solid nitrate at all. When there is water enough present to 
make up Fe, O,,3NO, 18HO+n(NO,,4HO), the crystals will 
be all oblique rhombic. 

The conditions of formation of the solid nitrates are some- 
what similar to those for the production of the two hydrated 
chlorids. When a solution is not basic and contains between 
six and twelve equivalents of water to one of perchlorid of iron, 
it first deposits the ceutohydrate, Fe, Cl, 6HO, in transparent 
crystals, and then goes on to form the light yellow, opaque, in- 
distinct tetrahydrate, Fe, Cl,12HO. Unless the liquid lacks 
water, no transparent crystals can make their appearance, 

For making cubic nitrate, the oblique crystals afford a definite 
material that admits of appreciable treatment. We may take a 
weighed quantity of these crystals in a tared dish, and evaporate 
by a gentle heat about fourteen per cent of their weight, or six 


13 Erdmann’s J. fiir Pr. Ch., lxxxiv, 243. 
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in reality the anhydrous pernitrate of iron with a slight admix- 
ture of the cubic nitrate. For he did not obtain it in well de- 
fined crystals and therefore could not be sure of its singleness; 
and moreover there is no analogy in favor of the formula which 
his analysis assigns to it. It is very remarkable that the tetra- 
hydrate is more fusible than the oblique rhombic salt which 
contains nine per cent more water. The sexhydrate melts at 
47°C., and Hausmann found the cubic nitrate to liquefy at 
35° C.; but his product contained a little free acid and it is prob- 
able that the pure tetrahydrate melts at a point between 85° 
and 40°. 

If six equivalents of water are added to the melted cubic ni- 
trate, heat is evolved, and, after a while, the whole becomes 
solid. 

The unaccountable anomaly of greater fusibility with a less 
percentage of water is not peculiar to the nitrates of iron, but is 
shown also by the perchlorids. For I find the transparent di- 
hydrate, Fe; Cl, 6HO, to melt at 31°C., while the opaque tetra- 
hydrate, Fe, Cl, 12HO, fuses at 355°C. And if a mixture of 
the two chlorids is slowly heated, the transparent crystals liquefy 
first. The addition of six equivalents of water to the melted 
dihvdrate is attended with the production of heat. 

The plan of using fuming nitric acid to contend with a hy- 
drated nitrate for the possession of water, of course admits of 
more extended application. With nitrate of alumina indeed it 
does not work well, on account of the high melting point of 
that salt and its very slight solubility in even boiling acid. Ni- 
trate of chromium is more tractable, and a mixture of monohy- 
drated acid with the melted crystals, on standing, lets fall nearly 
all the nitrate as a confused crystalline mass probably contain- 
ing less than twelve equivalents of water, and having little re- 
semblance to the cubic nitrate of iron. In a single instance I 
have seen in the mass one or two crystals apparently cubic, but 
they were too minute and scanty to allow any special examiaa- 
tion. Nitrate of glucina has never been obtained except as a 
trihydrate, as mentioned in a former paper. Since the date of 
that publication I have succeeded in getting more distinctly 
formed crystals which appeared to the eye dimetric, being indeed 
very short square octahedra. It remains then still uncertain 
whether the other sesquinitrates can form salts corresponding to 
the cubic nitrate of iron. 

With the help of strong nitric acid, the nitrates of manganese 
and zinc may be crystallized with less than six equivalents of 
water, but these products have not yet beea fully examined. 

Protonitrate of iron is a salt of such a nature that we can 
never expect to get it in the solid state except as a sexhydrate. 

Protonitrate of Iron.—The most convenient way of procuring 
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much more readily, and the greater the quantity of acid the less 
stable are they. 

Crystals of protonitrate of iron, well drained and dried ata 
very low temperature, were found to yield by ignition 27-565 p. c. 
of ferricoxyd. ‘The formula must therefore be FeO, NO,, 6HO, 
which would correspond to 27°778 p. c. of peroxyd. 

A solution saturated at 0°C., yielded a quantity of peroxyd 
equivalent to 663 p.c. of the crystals. So at 0° the salt is solu- 
ble in half its weight of water. 

A solution saturated at 15° C., contained 71 p.c. of crystals. 
Its sp. gr. was 1°48. 

A solution saturated at 25°C., contained 75 p.c. of crystals. 
Its sp. gr. was 150. At 25°C., then the crystals are soluble in 
one-third their weight of water. 

The slight difference in strength between cold and warm solu- 
tions, as well as the instability of the solid salt, shows the inex- 
pediciency of attempting to do anything with it except in the 
coldest weather. 


ArT. XXXIV.—Some Indications of a Northward Transportation 
of Drift Materials in the Lower Peninsula of Michigan; by 
Professor ALEXANDER WINCHELL. 


THROUGHOUT the northern part of Lenawee and Hillsdale 
counties, the southern and eastern parts of Jackson, and the 
southern and western parts of Washtenaw county, are found 
numerous tabular, detached masses of limestone, sometimes crop- 
ping out on a hill side, like a ledge in place, and sometimes im- 
bedded two or three feet in the sand and gravel at the summit. 
The position of these masses is generally nearly horizontal, 
though for the greater part slightly tilted in one direction or an- 
other. They sometimes present an extent of six, eight, or 
twelve feet square; and in occasional instances even more, so as 
to offer every appearance of an outcropping formation. In some 
cases many hundred bushels of lime have been burned from 
them before exhaustion. Underneath them we find the semi- 
stratified drift materials so characteristic of the general surface 
of the peninsula. At the bottom of the drift, which in some 
places is not over ten or twenty feet deep, we find the rocks of 
the Huron, or more frequently the Marshall group, in place. 
Many patches, nevertheless, occur as far north as the outcrops of 
the Carboniferous limestone, and create great confusion in trae- 
ing the latter formation unless the fossils are strictly attended to. 
Smaller fragments of the same limestone are still more abund- 
ant throughout the same limits; and, by their disintegration, 
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(243), are filled with fragments of limestone, while the Marshall 
sandstone is struck at the depth of 50 feet on sec. 35, and at 30 
feet on sec. 27. Farther north, on secs. 10 and 11, Leoni, (92 
and 206), similar fragments again occur. Also on sec. 25, Grass 
Lake, (208). At a place one mile northeast of Franciscoville, 
(209), 20,000 bushels of lime have been manufactured in ten or 
twelve years. 

In the adjoining parts of Washtenaw county, several kilns 
proclaim the presence of extensive nests of limestone. Even 
within the corporate limits of the city of Aun Arbor an exten- 
sive deposit has been quarried; and just beyond the limits, on 
the east, are the ruins of a limekiln which, many years ago, ex- 
hausted still another deposit. 

Similar masses of limestone occur in Hillsdale county, one 
half mile southwest of Jonesville, (270); on S.W.3N.W. } sec. 
21, Allen, (274); N.E.} N.W. 3 sec. 21, Adams, (289); S.E. } 
N.E. } sec. 22, Adams, (291); N.E. 3 N.E. } sec. 24, Adams, 
(292); S.W.3 N.W. 3 sec. 19, Woodbridge, (296), and in many 
other localities. 

In the southwestern part of the state, on the SE. } N.W. 2 
sec. 11, Hartford, Van Buren county, (415), limestone is found 
within two feet of the surface over the space of three or four 
square rods. One hundred rods north of here the wells are 
from 40 to 100 feet deep, without reaching any native rock— 
though thick beds of cemented sand and gravel are frequently 
encountered. 

On the S.W. ! sec. 17, T. 7 N.R. 18 W, Ottawa county, (488) is 
the last occurrence that will be cited. Several slabs 3 or 4 feet 
long have been removed, and others remain, over an area of at 
least a square rod. 

It is quite evident that such masses of stratified limestone 
have not been rolled to the same extent as the quartzose and 
gneissoid boulders which constitute the most striking feature of 
the “northern drift” of the same regions. By some agency 
these tables have been lifted gently from their original sites 
and carefully deposited where we find them. Paying no regard 
to their included fossil remains, it might be imagined that they 
constitute the ruins of the Carboniferous limestone formation, 
whose place is between these fragments and the centre of the 
peninsula. This formation gently rises toward the periphery of 
the peninsula, and at certain distauces from its present outcrops 
would intersect the highest diluvial hills in the places occupied 
by the fragments which I have described; and which, for this 
reason, might be imagined as marking the outermost limits of a 
once continuous formation of Carboniferous limestone. The 
abundant fossil remains contained in these fragments, however, 
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Heliophyllum Eriense Bill., H. exiquum Bill., Cystiphyllum Amert- 
canum KE. & H., Blothrophyllum decoricatum Bill., Diphyphyllum 
Archiaci* Bill., Phillipsastrea Verneuili E. & H., P. gigas Owen, 
sp., Acervularia Davidsoni* E. & H., Tentaculites scalaris Schilot., 
Chonetes glabra Hall, C. hemispherica Hall, Strophomena hemis- 
pherica H., S. perplana Con., S. inequiradiata H., S. demissa Con., 
Orthis propinqua H., O. Eryna H., Ambocelia umbonata Con. sp., 
Spirifera gregaria Clapp, S. varicosa H., S. acuminata Con. sp., 
Leiorhynchus multicosta* Hall, Nucleospira concinna*® Hall, Char- 
tonellu scitula Hall, sp., Atrypa reticularis Dal., A. impressa H., A. 
aspera? Hall, Meristella unisulcata Con., sp., Jd. nasuta Con., sp., 
Leptocelia concava H., Pentamerus aratus Con., sp., Stricklandia 
elongata Vanux., sp , Centronella glansfagea Hall, sp., Rhynchonella 
Thalia Bill., Lucina proavia Goldf., Conocardium trigonale Hall, 
sp., Platyceras Thetis H., P.crassum H., P. dumosum Con., Platyos- 
toma strophius H., Murchisona Leda U1., Proetus crassimarginatus 
H., and more than two dozen species which seem to be unde- 
scribed. 

If no reasonable doubt exists that these detached masses be- 
long to the Corniferous limestone, the next question which pre- 
sents itself relates to the region whence they have been derived. 
In view of the facts cited, it is evidently absurd to assume that 
no transportation has taken place; for these masses of Cornifer- 
ous limestone are found resting over the Hamilton group, the 
Marshall group and the Carboniferous limestone—and, I am 
pretty well convinced, even in some cases, as far north as the 
Coal measures. There are insuperable objections to assuming 
that they have been transported with the great mass of drift 
materials from the northern outcrops of the rocks of this age at 
Mackinac and the surrounding region. rst, the transporting 
agency has not moved masses of other kinds of rocks which at- 
tain to anything like the same dimensions. Secondly, That 
agency, if we may judge from the condition of the siliceous, 
trappean and gneissoid boulders of admitted northern origin, 
would have ground to powder so fragile and friable a rock as 
these limestones; or at least would have broken them into 
small fragments, and deposited them in a worn and rounded 
condition. Thirdly, If the Corniferous limestone could have 
been transported in such masses from its northern dutcrops to 
southern Michigan, much more would the harder and more mas- 
sive Niagara limestone of the same regions have been similarly 


* These species of the Hamilton group are here included, because occurring in 
the same fragments with admitted Corniferous (and Schoharie grit) species. The 
Lower Helderberg Leptocalia concava is included for the same reason. In none of 
the cases just referred to, however, do we experience any difficulty in discovering 
slight constant peculiarities in the Corniferous species. ‘The richness of the exotic 
Drift fauna of this locality, in the number and state of preservation of its remains, 
far exceeds any that has been signalized by the geologists of the Old World. 
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ensis Hall, Spirifera Marcyi Hall, Spirigera concentrica Brown, sp., 
Platyceras attenuatum Hall, Dalmania Boothi Green, sp., and 
many others. These species exist in an admirable state of 
preservation, quite incompatible with the theory of their trans- 
portation from the far north; and they occur across a belt of 
the state reaching at least thirty miles north of the outcrop of 
the Hamilton rocks. 

Again, above the identifiable Hamilton rocks, we find, in this 
state, a great thickness of argillaceous and bituminous shales, 
destitute of fossils, but freighted with Kidney iron ore. Nod- 
ules of this ore are strewn not only over the region of the ont- 
crop of these “Huron” shales, but throughout Washtenaw and 
other counties lying over the upper Devonian and lower Car- 
boniferous strata—to say nothing of the occurrence of such 
nodules within the limits of the Coal measures, where, by some 
geologists, they might preferably be referred to the indigenous 
strata. 

Still again, the well marked fossiliferous beds of the Marshall 
sandstone, lying next above the Huron shales, and outcropping 
along a belt still farther north, is represented by a series of 
enormous fragments resting over the non-fossiliferous upper por- 
tions and the Carboniferous limestone. The lower, or fossilifer- 
ous portions of this formation do not outcrop farther north 
than Moscow, in Hillsdale county, while fragments of it have 
been transported in great abundance into the southern townships 
of Jackson county. The most notable example occurs in a deep 
railroad cut three miles north of Napoleon, where the abundant 
fossiliferous fragments led me for some time to suppose the 
actual outcrop must be in the immediate vicinity ; although I 
had found the non-fossiliferous Napoleon sandstone intervening 
between the locality and the most northern known outcrop of 
the fossiliferous beds at Moscow. I collected here a large pro- 
portion of the common fossils of the Marshall group such as 
Rhynchonella Sageriana, Chonetes pulchella, Myalina Michiganen- 
sis, Cardiomorpha modiolaris, Tellinomya Hubbardi, T. Stella, 
Pterinea crenistriata, Napoleonense, Solen scalpriformis, 
Bellerophon galericulatus, Orthoceras Indianense, Goniatites Mar- 
shallensis, and numerous other species. The fossiliferous layers 
of the Marshall sandstone are decidedly friable—insomuch that 
it is in little request for building purposes—and it would seem 
absurd to suppose that these large fragments had been moved 
two hundred miles from the northern outerop of the formation, 
when a transfer of ten or fifteen miles from the southern out- 
crop would bring them to the position which they occupy. We 
should expect, also, if derived from the north, that some con- 
trast in the organic facies, due to local, if not to climatic causes, 
would present itself; but on the contrary, we find the fauna of 
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the fragments strictly identical with that of the nearest indigen- 
ous rocks of the same age 

The facts above cited recall some observations made several 
years since in Alabama, and wl led at that time to impres- 
sions similar to those just set forth. My observations were 
made especially upon the neig hood of the junction of the 
*“ Rotten Limest of the Upper Cretaceous, with the argilla- 
ceous and arenac strata of 1 Lower Cretaceous. The 
** Red Loam 2: of the central b lt of the state, which I have evi- 
dences to prove to be but the Rotten Limestone altered in situ, 
or with slight transportation i many cases along the june- 
tion of the upp r and lower strata, been moved northward over 
the clayey and sandy region a rtaining to the lower Creta- 
ceous; where, by its admixture th diluvial sand and pebbles, 
it is proved to be an exotic formation 

I forbear to express any belief in reference to the former ex- 
istence of a tr nsporti agency ‘ting f) the south to the 
north, over all or portion of the interior of the continent; 
but such facts as I have cited « t fail to to mind the sug- 
gestions made so ve : Pres t W. Hopkins, 
touching the course the Gulf Stream would arily pursue, 
in case of the subsiden of 1 North An Continent’. 
The facts are of sufi t importance to merit investigation; 
and it is to be ho 1 that ot ovservel wil inform us 
whether they ar tiona na, or correspond, in con- 
nection with others, to some ancient, glacial or hydrographical 
area. 

University of Michigan, August 4, 186: 


Art. XXXV.—On the Crystallization of Sulphur and upon the 
Reaction between Sulphid of Hydrogen, Ammonia and Alcohol: 


by M. WeETHERILL, Ph.D. M.D. 


SULPHUR, in three of its four allotropic conditions, has been 
well studied, notwithstanding the iffeulties which the rapid pas- 
sage of (j 5S) through ©) to (@) presents to experiments 
upon the first two modificatio 

The most reliable specific gravities which have been assigned 
to the different forms of s iljphur are the following: " 


Marchat i: » heerer De ville. 
Rhombic octohedral («S) 9-045 2:07 


Oblique prismatic (2S) 1 982 1°96 
The red, amorphous (y S) 1-957 1°91 


* Quar. Jour. Geol. Soc., viii, 56. Reprinted, Am. Jour. Sci, and Arts 
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Regnault found the specific heat of («S) = 020259, and 
Marchand and Scheerer that of (¢S) = 020684. During the 
passage of (y S) to (« S), a considerable amount of heat is evolved. 

Hence in the red amorphous variety, the molecules are more 
widely separated, and are in acondition of unstable equilibrium. 
In satisfying their tendency to approach each other, they assume 
(by the fusion method) the beta form of prisms of the monoclinic 
system; but they soon pass into the condition of rest as rhombic 
octohedra (« 8), of the trimetric system. This transformation 

akes place, as is well known in the solid prism, which is, without 
change of form, converted into numerous sinaller crystals of (@ 8). 

According to Frankenbeim, ‘“‘ gamma” sulphur, like other so- 
called amorphous bodies, possesses the property of crystalliza- 
tion ; but the manifestation of the phenomenon is prevented by 
the admixture of alpha and beta sulphur. Heat is the agent by 
which the («) form is converted into the (%) and (7) modifications, 
and has always been supposed to play an important part in the 
crystallization of this element. The ordinary or alpha sulphur, 
when crystallized from its solvents, sulphid of carbon, or oil of 
turpentine, reappears as octohedral alpha sulphur. 

Frankenheim, however, observed that when the body is pre- 
cipitated from its solutions at a temperature approaching its point 
of fusion, it assumes the prismatic form of beta sulphur. 

Mitscherlich has shown that crystals of (8S) are transformed 
immediately into (« S), when dipped into a solution of sulphur 
in sulphid of carbon. 

According to Pasteur, both forms of the element may crystal- 
lize from the above solvent. 

M. E. Royer determined the crystallization from a turpentine 
solution, either in @ or 6 crystals, according to the temperature. 
Thus, when fifteen grams of sulphur were heated with two 
hundred and fifty grams of oil of turpentine, the solution boiled 
at 158° C. Upon pouring one-half of the liquid into a glass 
vessel, so that a rapid cooling was effected, prisms were depos- 
ited; while the remainder cooled slowly, yielded octohedrons, 
and not a single prism. 

Such experiments would appear to present an analogous con- 
dition to the prismatic crystallization by fusion, and subsequent 
change to the alpha form by rest. By the elevated temperature 
the molecules of sulphur are separated, and assume the relative 
positions required for (8S) ; while, during the slow refrigeration, 
they have time to arrange themselves into the rhombic octohe- 
dral form, in which they are in stable equilibrium. 

Each of the allotropic conditions has probably a correspond- 
ing vapor density and its own chemical affinities. 

The only known vapor density is that of (y S); the others not 
having been determined from their transformation to this modi- 
fication by the heat required for the experimert. 
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Upon the assumption that sulphid of hydrogen has an atomic 
constitution analogous to 1 vater, the spr 1c gravity of 
the vapor of the su 1 the compound is (by calculation) 
221126; but Dut 1 Mitscherli letermined the density of 
the vapor of su ¥ 5) it t thi s this number, 
or 6'°63378. It has he been inferrs hat 1 hydrogen sul- 
phid is not constit ter: but is composed of one vol- 
ume of lL ydrog 

If however, v uinted with the true vapor density 
of (@ 5), it ma that t involving this 
element would est n for sulphid of 
hydrogen and wat other so much 
in thetr chemi 

Otto supposes tliat r ( rs in HS a most of its 
combination as (« § l that ips in the persulphids of po- 
tassium we., al i r acids WI t two, three, 
and four atoms of that « t, it exists in t lition of Sor 
7 sulphur. 

When sulphur is lint it oils at a lerate tem- 
perature, a large port of the nt separat ling as 
a yellow powde but if the t rature elevated, as in 
the preparation of the sulphur remains in 
solution, probably yS), and \tinous mass is 
the result of the r (Ott 

This chemist 3 that s v lensity of (7S) is 
thrice that of (« S), the s; y of t vapor of (88) is 
probably double that S). If this assumption be correct we 
have in sulphur an the polymerism of com- 
pound bodies. 

From these considerations, the question of the crystal form of 
sulphur in the act rat from any of its compounds be- 
comes one of great terest 

One of these inst es, t subject of this article, has been 
presented accidentally to my not 

An experiment was ins ted to ascertain whether the pres- 
ence of copper in solution (ammonia oxyd of copper) 
would determine a decomposition of glu lifferent from that 
effected by the alkali alone. The ammonia copper was added 
to a boiling solution of glucose until the ie color of the 
former was no lo lischarged 17, alcohol was 
added and then su 1 of hydrogen was passed through the 
liquid to separate t r. On the next morning the filtrate 
contained a quantity of beautiful | tic crystals of sulphur, 
of which some exc led an inch } net When spread upon 
filter paper to dry they became opaque, and broke up readily 
into granules. 

To ascertain whether the products of decomposition of the 
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glucose effected the crystallization, a liter of 94 p.c. alcohol was, 
on July 4, 1864, saturated first with ammonia, then with sulphid 
of hydrogen, and was placed in a loosely stoppered bottle upon 
a shelf in the laboratory of the Smithsonian Institution, where 
it remained undisturbed until May 26, 1865. 

At this time the sides of the bottle were coated with white, 
slightly nacreous crystals, which were more numerous upon the 
part of the bottle most exposed to the light. The formation of 
these crystals commenced upon the day after the saturation with 
the hydrogen sulphid. The solution was of brownish deep red 
color. The crystals measured 4tb of an inch in diameter, and, 
under the microscope, had the appearance of scales or plates, 
with rounded, ill-defined contour. A few appeared to be hex- 
agonal and a very few were of spear shape. They were all 
completely soluble in water, more slowly so in alcohol, yielding 
a solution of faint acid reaction. They lost ammonia upon being 
heated with caustic potassa. Their solution treated with sul- 
phuric acid evolved sulphurous avid and deposited sulphur. 
Heated upon platina foil they evaporated without previous 
fusion. Their taste was sharp and biting. Heated in a tube 
they yielded a deliquescent sublimate which contained sulphur. 
Their solution did not blacken acetate of lead, but gave a white 
precipitate with this reagent. With nitrate of baryta a white 
recipitate, insoluble in hydrochloric acid, fell after a short time. 
Vith nitrate of silver a precipitate was obtained which passed 
gradually from white through yellow and brown to black. It 
follows from these reactions that the crystals are hyposulphite of 
ammonia. Rammelsberg gives for the constitution of this salt 
the formula 3(NH,O, S,0,,)+ HO. 

If the experiments had rested at this point, the erroneous 
inference would have been drawn from them that the presence 
of organic matter (from the glucose,) occasioned the prismatic 
crystallization of sulphur; but the solution in the last example 
was filtered to remove the crystals; and the clear liquid was re- 
turned to the bottle. ‘The crystals were washed upon the filter 
with a little alcohol, which was suffered to drop into the bottle 
and formed a stratum of a few lines in depth upon the surface 
of the dark colored solution. 

On the next day a beautiful crystallization of sulphur in 
prisms was observed, and its advance was watched for several 
days. The crystals formed upon the sides of the vessel at the 
surface of the liquid, extended inwards, and developed them- 
selves downward. In proportion as they grew, the liquid ex- 
changed its dark red for a light amber color until the whole of 
the solution had acquired that tinge, the advance being from the 
surface, downward. The prisms were very slender, and termin- 
ated in planes oblique to the axis of the crystal. Not a single 
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were almost white. When heated, and observed thus with the 
microscope, the crystals became of deep yellow color, and by ele- 

vating the temperature fused, yielding all of the characters of 
sulphur, It would seem to result from these experiments that 
sulphur exists in combination with hydrogen, (or perhaps with 
ammonium), in the B allotropic condition. We may readily 
conceive a change in the sulphur after it has been separated 
from the @ to the « modification; but we cannot so readily 
imagine that it should leave its alpha form to asseme the more 
unstable Leta condition. 

We have also here an example of the crystallization of (@5) 
without heat. Since the original prisms of beta sulphur are 
canary colored, and not of brownish tinge, it would seem that 
the prisms obtained by fusion owe their brown tint to p sulphur. 
The hypothesis may be ventured that the color of («S) is white 

or very pale yellow, that of (¢S) yellow, that of (yS) reddish 
brown and that of (8S) nearly black. 

In the reaction between sulphid of hydrogen in the alcoholic 
solution of ammonium, sulphid of ammonium, distinguished by 
its odor, is at first formed; the smell is gr adually ‘exchanged 
for a strong and persistent one of sulphid of ethyl until at least 
no ammonium salphid can be, by the proper reagents, detected 
in the liquid. The sulphur is then contained in the clear solu- 
tion partiy as hyposulphite and in part as free sulphur dissolved, 
or in some manner kept from separating by the hyposulphite." 
It is to this dissolved sulphur that the liquid owes its dark 
tinge, which depth of color came on gradually as the sulphid of 
ammonium was oxydized. When the solution lost a portion of 
its hyposulphite by crystallization, the free sulp bur separated 
and the liquid lost its dark color. Then another portion of hy- 
posalphite of ammonia appeared in crystals. 

As the experiment has been set aside for further examination 
by slow crystallization, 1 am unable at present to say whether 
any sulphite of ammonia has been formed. The odor of free 
ammonia is very powerful, and the liquid contains sulphite of 
ethyl. A drop evaporated in the air upon a glass slide exhibits 
microscopic oil globules, having a strong smell of the sulphid of 
ethyl. ‘The same globules may be absorbed by agitating the 
liquid with ether, precipitating by water, and suffering the 
ethereal solution to evaporate spontaneously in a watch glass. 

The liquid also contains hyposulphite of ammonia in solution, 
and there are no crystals in it at present. 

The following formula may illustrate its reaction : 

8NH,S+50=NH, 0,8, 0,-4-2NH, 0-48; 
and for the sulphid of ethyl, perhaps, 
NH,S+C, H, 0, HO=NH, 0,HO-+C, 


i 


Are 7S or 88 soluble in the hyposulphite # 
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IN volume xxx\ t bn, S72 be found a 
note to one of t ted Feb. 17, 
1864, announ nestones of 
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garded by him and by Prof. James Hall as organic, although the 
microscope had as yet failed to detect the beautiful structure 
since found in such perfection in the specimens from other 
localities. 

Sir William Logan moreover recalls the fact that Dr. Hunt had 
already from the presence of iron-ore beds, graphite, and metallic 
sulphurets, argued for the existence of life during the formation 
of the Laurentian rocks. See on this point a paper read in Jan. 
1859 before the Geol. Society of London, and published in the 
Journal of that society, of which a review will be found in this 
Journal, [2], xxx, 134. This view is further developed in Dr. 
Hunt's paper on American Geology in this Journal, [2], xxxi, 
896, where he concludes on chemical grounds to “the existence 
of an abundant vegetation during the Laurentian period.” 

The second paper is by Dr. Dawson, and gives his zoological 
description of Eozoén and its affnities, with a lithographed plate. 
The third is an extended note by Dr. Carpenter, in which he 
fully confirms the sagacious determination of Dr. Dawson as to 
the — characters and foraminiferal affinities of Eozoén, 
and is illustrated with a wood-cut and ten lithographed plates. 
In the fourth place we have a payer on the mineralogy of Eo- 
zoon by Dr. T. Sterry Hunt. 

These four papers are reprinted in the Canadian Naturalist for 
April, 1865, with a single lithographed plate containing selec- 
tions from the three just mentioned, and with the addition of a 
nature-printed section of Eozodn, both of which we place before 
our readers, together with extracts of the papers. 

The Eozoén has also been carefully studied by Prof. T. Rupert 
Jones, who in the Popular Science Review for April, 1865, has 
given an excellent paper on the geological and zoological relations 
of the new fossil, together with a colored plate. In addition to 
this the Intellectual Observer for May, 1865, contains an essay 
of twenty-four pages on the same subject by Dr. Carpenter, with 
two excellent plates. As a further contribution to the literature 
of Eozodn we may mention that the pages of the London Reader 
for June, contain a correspondence between Dr. Carpenter and 
Messrs. King & Rowney, of Galway, who venture to question 

the opinion ‘of Messrs. Daw son, Carpenter and Rupert Jones as 

to the organic nature of Eozodén. This correspondence is chiefly 
interesting as giving from Dr. Carpenter the authorized an- 
nouncement by Milne-Edwards, that he, after a careful study, 
fully concurs in the views of the latter named observers as to 
the structure and affinities of Kozodn. 

We now proceed to notice Sir William Logan’s description of 
the Laurentian rocks, the general facts in whose history are 
briefly given in a paper by Dr. T. Sterry Hunt in this Journal, 
[2], xxxvi, 222. 
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structing the earth’s crust were in operation 
as now. In the conglomerates of the Hu- 
ronian series there are enclosed boulders 
derived from the Laurentian, which seem 
to show that the parent rock was altered to 
its present crystalline condition before the 
deposit of the newer formation; while in- 
terstratified with the Laurentian limestones 
there are beds of conglomerate, the pebbles 
of which are themselves rolled fragments 
of an older laminated sand-rock, and the 
formation of these beds leads us still further 
into the past.” 

“In both the Upper and Lower Lauren- 
tian series there are several zones of lime- 
stone, each of sufficient volume to constitute 
an independent formation. Of these cal- 
careous masses it has been ascertained that 
three, at least, belong to the = er Lauren- 
tian. But as we do not as yet know with 
certainty either the base or the summit of 
this series, these three may be conformably 
followed by many more. Although the 
Lower and U pper Laurentian rocks spread 
over more than 200,000 square aie in 
Canada, only about 1500 square miles have 
yet been fully and ¢ onnecte ‘dly examined in 

wy one district; and it is still impossible to 
say whether the numerous exposures of Lau- 
rentian limestone met with in other parts of 
the province are equivalent to any of the 
three zones, or whethe r they overlie or 
underlie them all.” 

In this connection are given the two fol- 
Jowing sections, which serve to show the 
structure of the Lower Laurentian rocks, 
and their relation to the overlying Labrador 
and Lower Silurian series. 

The Eozodn Canadense occurs at Gren- 
ville, and in the Petite Nation seigniory at 
the two points indicated in the first section, 
and in both places" in the third or upper- 
most band of the Lower Laurentian lime- 
stone. ‘The same fossil has also been ob- 
tained to the south of the Ottawa, in Bur- 
gess, and farther west at the Grand Calumet 
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limestone of several feet in thickness, with the green serpentine 
more or less aggregated into layers, and studded with isolated 
lumps of pyroxene, are irregularly interstratified in the mass 
of rock; and less frequently there are met with lenticular patches 
of sandstone or granular quartzite, of a foot in thickness and seve- 
ral yards in diameter, holding in abundance small disseminated 


leaves of graphite.” 

“The general character of the mass produces the impression 
that it is a great Foraminiferal reef, in which the pyroxenic 
masses represent a more ancient portion, which having died, and 
having become much broken up, and worn into cavities and deep 
recesses, afforded a seat for a new growth of Foraminiera, rep- 
resented by the calcareo-serpentinous part. This in its turn be- 
came broken up, leaving in some places uninjured portions of 
the general form. The main difference between this Foraminif:- 
eral reef and more recent coral-reefs seems to be that, while with 
the latter are usually associated marine shells and other organic 
remains, in the more ancient ones the only remaius yet found are 
those of the animal which built the reef.” 

The structure and appearance of the unbroken fossil will be 
understood from the following nature-printed section, the prepa- 
ration of which is thus described by Dr. Hunt. 

“The replacing min- 
eral in this specimen 
being serpentine, the 
calcareous septa were 
dissolved from the pol- 
ished surface by the 
action of an acid, and 
the fine material re- 
placing the tubuli bav- 
ing been removed by 
the aid of a brush, a 
wax mould of the 
etched surface furn- 
ished the electrotype 
cast from which the 
above figure is printed. 
The lights thus repre- 
sent the caleareousskel- 
eton, and the shaded 
portion a thick mass of 
serpentine, which is 
distinguishable from a 
contiguous thin stra- 
tum of the same min- 
eral, that seems to form 

Am. Jour. 8c1.—Szconp Series, Vou. XL, No. 120.—Nov., 1865. 
45 


3. Nature-printed section of a specimen of Hozoon 
Canadense from Petite Nation Seigniory. 
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the base of the Eozodn. The gradual passage from the wide 
chambers and thick septa to the narrower and thinner ones, and 
finally to the irregu iy aggregated mode Ol growth, designated 
by Dr. Carpenter as acervuline, is well seen. The white patches 
in the upper portion of the figure do not arise from any imper- 
fection in the electrotype, but represent the irregular growth of 
this part of the calcareo “ 

Slices of the fossils having been prepared for microscopic ex- 
amination, and submitted to Dr. Dawson, were at once recog- 
nized by him as pres the characters of Foraminiferal shells. 
After a careful exar tion of a large number of specimens he 
named and described the fossil as follows. 

““HOZOON CANADENSE; gen. et. spec. nov. 

General form.—Massive, in large sessile patches or irregular 
cylinders, OTOWIDE at tiie face by the addition of SUCCESSLVUL 
lamincze. 

Internal struc Ch ers ial flattened lrres ilar, with 


numerous rounded extensions, and separated y Walls Of varia- 
ble thickness, which are penetrated by septal orifices irregularly 


disposed. Thicker parts of the walls with bundles of fine branch- 
ing tubuli.” 

The grounds on which he inferred its foraminiferal character 
are thus stated | y Dr Dawson 

“1. The serpentine and pyroxene which fill the cavities of the 
calcareous matter have no appearance of concretionary strue- 
ture. On the contrary, their aspect 18 that oI matter introduced 
by infiltration, or as liment, and filling spaces previously ex- 
isting. In other words, the calcareous matter has not heen 
moulded on the forms of the s rpentine and auyite, but these 
have filled spaces or chambers in a hard calcareous mass. '[bis 
conclusion is further confirmed by the fact, to be refered to in 
the sequel, that the serpentine includes multitudes of minute for- 
eign bodies, while the calcareous matter is uniforina and homoge- 
neous. It is also to be observed that small veins of carbonate of 
lime occasionally traverse the specimens, and in their entire ab- 
sence of structures other than crystalline, present a striking con- 
trast to the supposed fossils.” 

“9. Though the calcareous laminzw have in places a crystal- 
line cleavage, their forms and structures have no relation to this. 
Their cells and canals are rounded, and have smooth walls, 
which are occasionally lined with films ipparently of carbonace- 
ous matter. Above all, the minute tubuli are different from 
anything likely to occur in merely crystalline calespar. While 
in such rocks little importance might be attached to external 
forms simulating the appearances of corals, sponges, or other or- 
ganisms, these delicate internal structures have a much higher 
claim to attention. Nor is there any improbability in the pres- 
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ervation of such minute parts in rocks so highly crystalline, 
since it is a circumstance of frequent occurrence in the microscopic 
examination of fossils that the finest structures are visible in 
specimens in which the general form and the arrangement of 
purts have been entirely obliterated. It is also to be observed 
tliat the structure of the calcareous laminz is the same, whether 
the intervening spaces are filled with serpentine or with py- 
roxene.” 

“3. The structures above described are not merely definite 
and uniform, but they are of a kind proper to animal organisms, 
and more especially to one particular type of animal life, as 
likely as any other to occur under such circumstances; I refer 
to that of the Rhizopods of the order Foraminifera. The most 
important point of difference is in the great size and compact 
habit of growth of the specimens in question; but there seems 
no good reason to maintain that Foraminifera must necessarily 
be of small size, more especially since forms of considerable mag- 
nitude referred to this type are known in the Lower Silurian, 
Prof. Hall has described specimens of Receptaculites twelve inch- 
es in diameter; and the fossils from the Potsdam formation of 
Labrador, referred by Mr. Billings to the genus Archeocyathus, 
are examples of Protozoa with calcareous skeletons searcely infe- 
rior in their massive style of growth to the forms now under con- 
sideration.” 

“These reasons are, I think, sufficient to justify me in regard- 
ing these remarkable structures as truly organic, and in search- 
ing for their nearest allies among the Foraminifera.” 

‘Supposing then that the spaces between the calcareous lam- 
ins, as well as the canals and tubuli traversing their substance, 
were once filled with the sarcode-body of a Rhizopod, compari- 
sons with modern forms at once suggest themselves.” 

“From the polished specimens in the Museum of the Canadi- 
an Geological Survey, it appears certain that these bodies were 
sessile by a broad base, and grew by the addition of successive 
layers of chambers, separated by calcareous laminze, but commu- 
nicating with each other by canals or septal orifices sparsely and 
irregularly distributed. Small specimens have thus much the 
aspect of the modern genera Carpenteria and Polytrema. Like 
the first of these genera, there would also seem to have been a 
tendency to leave in the midst of the structure a large central 
canal, or deep funnel-shaped or cylindrical opening, for commu- 
nication with the sea-water. Where the laminzw coalesce, and 
the structure becomes more vesicular, it assumes the ‘acervuline’ 
character seen in such modern forms as Nubecularia.” 

“Still the magnitude of these fossils is enormous when com- 
pared with the species of the genera above named; and from the 
specimens in the larger slabs from Grenville, in the Museum of 
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we have as yet revealed to us the life of only certain stations in 
the Laurentian seas.’ 

Subsequent to the above examination and description by Dr. 
Dawson, specimens of the new fossil from Grenville, and also 
more perfect ones from a similar and newly discovered locs lity 
in the Petite arpa Seigniory were taken to London by Sir Wil- 
liam Logan and submitted to Dr. Carpenter, who fully confirmed 
the above results, and made out some additional structure. More 
especially he observed in specimens from the new locality, the 
preservation of the fine tubulation of the original cell-wall, which 
had not before been clearly made out. The additional points 
are thus stated by Dr. Carpenter: 

‘“ Although Dr. Dawson has noticed that some parts of the 
sections which he examined present the fine tubulation charac- 
teristic of the shells of the Nummuline Foraminifera, he does 
not seem to have recognized the fact, which the sections placed 
in my hands have enabled me most satisfactorily to determine,— 
that the proper walls of the chambers everywhere present the 
fine tubulation of the Nummuline shell (plate, figs. 3, 6); a point 
of the highest importance in the determination of the affinities 
of Hozoiin. This tul airoag tye although not seen with the clear- 
ness with which it is to be discerned in recent examples of the 
Nummuline type, is here far better displayed than it is in the 
majority of fossil Nummulites, in which the tubuli have been 
filled up by the infiltration of calcareous matter, rendering the 
shell-substance nearly homogeneous. In Hozodn these tubuli have 
been filled up by the infiltration of a mineral different from that 
of which the shell is composed, and therefore not coalescing with 
it; and the tubular structure is consequently much more satis- 
factori] y distinguishable. In decalcified specimens, the free mar- 
gu is of the casts of the chambers are often seen to be bordered 
with a delicate white glistening fringe; and when this fringe is 
examined with a sufficient magnifying power, it is seen to be 
made up of a multitude of extremely delicate aciculi, standing 
side by side like the fibres of asbestos. These, it is obvious, are 
the internal casts of the fine tubuli which perforated the proper 
wall of the chambers, passing direc tly from its inner to its outer 
surface; and their pres nce in this situation affords the most sat- 
ryt confirmation of the evidence of that tubulation afford- 
ed by thin sections of the shell-wall.” 

“The successive layers, each having its own proper wall, are 
often superposed one upon another Ww ithout the interve ention of 
any supplemental or intermediate skeleton such as presents itself 
in all the more massive forms of f the ] Nummuline series; but a 
deposit of this form of shell-substance, readily distinguishable by 
its y aoadont neousness from the finely tubular shell immediately 
investing the segments of the sarcode-body, is the source of the 
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great thickening which the calcareous zones often present in ver- 
tical sections of Hozodén. The presence of this intermediate skel- 
eton has been correctly indicated by Dr. Dawson: but he does 
not seem to have clearly differentiated it from the proper wall of 
the chambers. All the tubuli which he has described belong to 
that canal-system which, as I have shown, is limited in its dis- 
tribution to the intermediate skeleton, and is expressly destined 
to supply a channel for its nutrition and augmentation. Of this 
canal-system, which presents most remarkable varieties in dimen- 
sions and distribution, we learn more from the casts presented by 
decalcified specimens, than fr ym sections, whic only exhibit 
such parts of it as their plane may happen to traverse.” 

“It does not appear to me that the ‘canal-system’ takes its ori- 
gin directly from the cavity of the chambers. On the contrary, 
I believe that, as in Calcarina (which Dr. Dawson has correctly 
referred to as presenting the nearest parallel to it among recent 
Foraminijera), they originate in lacunar spaces on the outside of 
the proper wails of the chambers, into w hich the tubuli of those 
walls open externally; and that the extensions of the sarcode- 
body which occupied them were formed by the coalescence of 
the pseudopodia issuing from those tu ; 

We have here a dia- 
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the most delicate pseudopodial threads, consisting of the softest 
and most transitory form of living substance which were put 
forth through pores in the shell-wall less than one ten- thousandth 
of an inch in diameter, being thus perpetuated to all time.” 

“The proper walls of the chambers are everywhere formed of a 
pellucid vitreous shell-substance minutely perforated with tubuli, 
so as exactly to correspond with those of Nummulites, Operculina, 
etc.’’ The serpentine casts of these tubuli are frequently de- 
tached by the disengagement of the gas while the skeleton is 
being removed by an acid, but they often remain behind, stand- 

ing side by side like the filaments which form the pile of velvet, 

their lower ends resting on the subjacent segment, while their 
upper extremities present a uniform surface. These casts of 
tubuli are distinguished from the adjacent serpentine, which is 
pale-green by their whiteness, yet the two are found by Dr. Hunt 
to be identical in composition, and thus, as he, and Dr. Carpenter 
after him, remarks, their whiteness is due to their fine division; 
many groups and bunches of this white substance being found 
by Dr. Carpenter to be aggregations of the elementary forms of 
sarcodic prolongation, w hich he has described in detail. 

With regard to the intermediate or supplemental skeleton, 
which resembles closely that existing in Ca/carina as described 
by Dr. Carpenter in bis admirable Introduction to the Study of 
the Foraminifera, it is an exogenous deposit on the outer surface 
of the proper walls of the chamber, where it seems to be produced 
by the sarcodic layer which is formed by the coalescence of the 
pseudopodia after they have issued from the tubvli, and is tray- 
ersed by a more or less minutely distributed canal-system, occu- 
pied during life by prolongations of that sarcodic layer. In 
those portions of the fossil where the chambers, instead of be- 
ing regularly arranged in floors, are piled up in the acervuline 
manner, there is little or no trace of this intermediate skeleton, 
but in these irregularly aggregated chambers the structure of 
their proper walls is still well seen, both in transparent sections 
and in decalcified specimens. 

In the solid masses of limestone which are made up of frag- 
ments of Eozoén, Dr. Carpenter could find no trace of the inter- 
mediate skeleton, though these specimens afford the most perfect 
examples of the ‘Nummuline tubulation. He hence concludes 
that “the breaking up of the surface of the original Kozoén 
must have taken place before the proper walls of its highest 
tiers of chambers had been strengthened by exogenous deposit.” 

Space will not permit us to follow Dr. Carpenter in his com- 
parison of Kozodn with other Foraminifera. He remarks, how- 
ever, the resemblance in its mode of growth with the discoidal 
modern Cycloclypeus from the coast of Borneo, which attains a 
diameter of more than two inches and is made up of many 
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thousand segments, while in Globigerina the continuous increase 
of the individual body eomel n ceases and new indi- 
viduals are formed f the seot ts. 

Reverting to Dr. D mal s to the important part 
played by the Eozoéi 1 seas, Dr. Carpenter ob- 
serves the significance of the fact that this lowest tvpe of ani- 
mal life known to the Rhizopod) should have 
attained such a great developm« parent 1Jminated in 
the very earliest e life of our 
globe. 

The serpentine fs probable 
Laurentian age had point Dr. J t { paper 
already cited, offer to J ent é‘ structure 
clearly identical with that of 1 | A like 
structure has been di ! M ! the serpentine 
marble of Connema . have,” 
says Dr. Carpenter s of several 
portions of this 1 . 4 : esitation in 
identifying them \ e portior n Can- 
adense, although | witl t corresponding to the 
lamellated structut r port f the ] More- 
over in place of th r covering the 
segments, long straight 3 ts radiate from them.” 
The age of the Con ra 1 means certain. Sir 
Roderick Murchis at { 1 to regard it as Lauren- 
tian, but has sine sed the t] t is of Silu- 
rian age. 

In this connect rican reolo- 
gists and microsco} to the t tones of the 
Highlands of New \ N ! t f Laurentian 
age,’ and also to the and ption, by Dr. Em- 
mons on page 60 eo { 2nd trict of New 


York, of a banded ement rounded o} mosses of 
masses of 


serpentine and ca resel ne in external 
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described in Dr. Hunt’s ; fror make the follow- 
ing extracts : 

“The details of st ture | been pl | by the intro- 
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while the calcareous septa remain. It will then be understood 
that when the replacement of the Eozoédn by silicates is spoken 
of, this is to be understood of the soft parts only ; since the eal- 
careous skeleton is preserved in most cases without any altera- 
tion. The vacant spaces left by the decay of the sarcode may 
be supposed to have been filled by a process of infiltration, in 
which the silicates were deposited from solution in water, like 
the silica which fills up the pores of wood in the process of sili- 
cification. The replacing silicates, so far as yet observed, are a 
white pyroxene, a pale-green serpentine, and a dark-green 
alumino-magnesian mineral, which is allied in composition to 
chlorite and to pyrosclerite, and which I have referred to logan- 
ite. The calcareous septa in the last case are found to be dolo- 
mitic, but in the other instances are nearly pure carbonate of 
lime. ‘The relations of the carbonate and the silicates are well 
seen In thin sections under the microscope, especially by polar- 
ized light. The calcite, dolomite, and pyroxene exhibit their 
crystalline structure to the unaided eye; and the serpentine and 
loganite are also seen to be crystalline when examined with the 
microscope. When portions of the fossil are submitted to the 
action of an acid, the carbonate of lime is dissolved, and a co- 
herent mass of serpentine is obtained, which is a perfect cast of 
the soft parts of the Eozodn. The form of the sarcode which 
filled the chambers and cells is beautifully shown, as well as the 
connecting canals and the groups of tubuli; these latter are seen 
in great perfection upon surfaces from which the carbonate of 
lime has been partially dissolved. Their preservation is gener- 
ally most complete when the replacing mineral is serpentine, 
although very perfect specimens are sometimes found in pyrox- 
ene. Thecrystallization of the latter mineral appears, however, 
in most cases to have disturbed the calcareous septa.” 
‘Serpentine and pyroxene are generally associated in these 
specimens, as if their deposition had marked different stages of 
a continuous process. At the Calumet, one specimen of the 
fossil exhibits the whole of the sarcode replaced by serpentine; 
while, in another one from the same locality, a layer of pale 
green translucent serpentine occurs in immediate contact with 
the white pyroxene. The calcareous septa in this specimen are 
very thin, and are transverse to the plane of contact of the two 
minerals; yet they are seen to traverse both the pyroxene and 
the serpentine without any interruption or change. Some sec- 
tions exhibit these two minerals filling adjacent cells, or even 
portions of the same cell, a clear line of division being visible 
between them. In the specimens from Grenville, on the other 
hand, it would seem as if the development of the Eozoén (con- 
siderable masses of which were replaced by pyroxene) had been 
interrupted, and that a second growth of the amimal, which was 
Am. Jour. 8c1.—Seconp Series, Vou. XL, No. 120.—Nov., 1865. 
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which indicate a crystalline structure. The grains of insoluble 
matter found in the analysis, chiefly of quartz sand, are distinctly 
seen as foreign bodies imbedded in the mass, which is moreover 
marked by lines apparently due to cracks formed by a shrink- 
ing of the silicate, and subsequently filled by a further infiltra- 
tion of the same material. ‘This arrangement resembles on a 
minute scale that of septaria. Similar appearances are also ob- 
served in the serpentine which replaces the Eozodn of Grenville, 
and also in a massive serpentine from Burgess, resembling this, 
and enclosing fragments of the fossil. In both of these speci- 
mens also grains of mechanical impurities are detected by the 
microscope; they are, however, rarer than inthe loganite of 
surgess.” 

“From the above facts it may be concluded that the various 
silicates which now constitute pyroxene, serpentine, and loganite 
were directly deposited in waters in the midst of which the 
Eozoén was still growing, or had only recently perished; and 
that these silicates penetrated, enclosed, and preserved the cal- 
careous structure precisely as carbonate of lime might have 
done. The association of the silicates with the Eozoén is only 
accidental; and large quantities of them, deposited at the same 
time, include no organic remains. Thus, for example, there are 
found associated with the Kozodn limestones of Grenville, mas- 
sive layers and concretions of pure serpentine; and aserpentine 
from Burgess has already been mentioned as containing only 
small broken fragments of the fossil. In like manner large 
masses of white pyroxene, often surrounded by serpentine, both 
of which are destitute of traces of organic structure, are found 
in the limestone at the Calumet. In some cases, however, the 
crystallization of the pyroxene has given rise to considerable 
cleavage-planes, and has thus obliterated the organic structure 
from masses which, judging from portions visible here and there, 
appear to have been at one time penetrated by the calcareous 
plates of Eozodn. Small irregular veins of crystalline calcite, 
and of serpentine, are found to traverse such pyroxene masses 
in the Eozodn-limestone of Grenville.” 

Veins of fibrous serpentine (chrysotile) in like manner inter- 
sect the serpentine of this region, and are sometimes found cut- 
ting across the masses of Eozoén. It is stated in a note to this 
portion of the paper that, “Recent examinations have shown 
that some of these masses encrusted with Eozo6n replaced by 
serpentine, consist of crystalline pyrallolite (rensselaerite) ; which 
seems, like the other silicates, to have replaced the organic mat- 
ter of the Rhizopod.’ 

‘These observations bring the formation of siliceous minerals 
face to face with life, and show that their generation was not in- 
compatible with the contemporaneous existence and the preserv- 
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ation of organic forms. They confirm, moreover, the view which 
I some years since put forward, that these silicated minerals 
have been formed, not by subs ent metamorphism in deeply 
buried sediments, but by reactio ng on att earth's sur- 
face.* In support of this view, | elsew ! | to the 


deposition of silicates sf ‘ natural 
waters, to the great beds of s te the tered tertiary 
strata of Europe; to t ontempo! s formation of neolite 
(an alumina-magnes te ted to | and chlorite 
in composition) ; and t Luc ‘+h occurs not only in 
secondary, tertiary, l recent ¢ ts, but also, as I have 
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toxyd of iron and i sider- 
able proportion of sit has been ob- 
served by Ehrenberg, Mant Ba Q ted th or- 
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which pyroxene, serpent nd th the Eozoén 
in the Laurentian lim A to the first of these 
observers, the grains « reen-sand « ( rom the ter- 
tiary limestone of A art of tl terio Poly- 
thalamia; the gla them 1 es of nat- 
ural injection, wl ( sO pel that n the large 
and coarse cells, but very t of the cell-walls, 
and all their con t , are ti ind separately 
exhibited.’ Bailey these e] 3, extend d 
them. He found in various creta 3 and tertiar estones 
of the United States, casts, ir / imine 
tfera, but of spines of Echinus, and of t cavities of corals. 
Besides, there were nu s red, gi and white casts of 
minute anastomasing t ng to Bailey, resem- 
ble the easts of the | rro s (Cliona) 
and worms. These forms ar r th iiving of the 
earbonate of lime by ite : He found ver, siml- 
lar casts of Foram te} isks d of inching 
tubuli, in mud obta | from s 1 the Gulf-stream, and 
concluded that the d tion of lite is st ron in 
the depths of the s : low these investi- 
gations on the: t Lu te (yulf-strean 
waters. He has observed its deposit so anvities off 
Millepores, and in the n the shells of B s, Aceord- 
ing to him, the glauconite grains f 1 in Fora fera lose 
after a time their « reous en\ es, and ally become 
‘conglomerated into small black pebbles,’ sections of which still 
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show under a microscope the characteristic spiral arrangement 
of the cells.° 

“Tt appears probable from these observations that glauconite 
is formed by chemical reactions in the ooze at the bottom of the 
sea, where dissolved silica comes in contact with iron-oxyd ren- 
dered soluble by organic matter; the resulting silicate deposits 
itself in cavities of shells and other vacant spaces. A process 
analogous to this in its results, has filled the chambers and canals 
of the Laurentian Moraminifera with other silicates; from the 
comparative rarity of mechanical impurities in these silicates, 
however, it would appear that they were deposited in clear 
water. Alumina and oxyd of iron enter into the composition of 
loganite as well as of glauconite; but in the other replacing 
minerals, pyroxene and serpentine, we have only silicates of 
lime and magnesia, which were probably formed by the direct 
action of alkaline silicates, either dissolved in surface-waters, or 
in those of submarine springs, upon the ealeareous and mag- 
nesian salts of the sea water.” 

In the second part of Dr. Hunt’s paper on Natural Waters, 
published in this Journal for July, there will be found in § 41 
some observations bearing on the formation of the silicates of 
lime and magnesia. The chemical and mineralogical relations 
of the Eozodn, or rather of its replacing silicates, are by no 
means the least important points in the history of this remark- 
able fossil. 


Explanation of the Plate illustrating the Structure and Affinities of 
Evzobn Canadense, 


Of the figures here given, 1, 3, 6a, 66, and 7, are selected 
from two plates given by Dr. Carpenter to illustrate his paper; 
while 2, 4, and 5, are from the plates accompanying Dr. Daw- 
son’s description, and are from drawings by Mr. Horace H. 
Smith, the artist of the Canadian Geological Survey. 

The figures, with the exception of 7, are from transparent 
sections of specimens in which the original shell was well pre- 
served, and its minutest cavities infiltrated with serpentine, 
Figure 7 is from a specimen from which the calcareous skeleton 
was removed by an acid, and represents the internal casts of the 
tubes, as seen by reflected light. 

Fig. 1. Vertical section of regularly stratified portion of Hozoén show- 
ing the ordinarily continuous connection of the chambers of 
each stratum; magnified 10 diameters. 

. Horizontal section of Hozoién from Grenville, magnified 25 
diameters; a, systems of tubuli; 6, secondary chamber. 

. Portions of two chambers of different layers, showing at a, a, 
the proper wells of their chambers; at 0, b, the intermediate 


* Report of United States Coast Survey, 1858, p. 248. 
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me, for it was almost entirely clear, no clouds whatever visible 
that in the Jeast indicated thunder, rain, or change of weather. 
I was at this time going in a southeasterly direction, and the 
thunder, as for the moment I had taken it to be, seemed to be 
exactly in the — direction from that in which I was then 
going. Astounded as I was, I stopp ved, and, turning to ascertain 
from whence this noise proceeded, the earth began to vibrate to 
and fro from northwest to southeast, and continued for several 
times, the first vibration being the greatest (apparently not Jess 
than three or four inches), and gradually diminishing g. On 
turning fully around, the noise which I hi id taken for thunder, 
but w ane h, in fact, was the noise accompanying the earthquake, 
set d to be about in a northwesterly direction from here; and 
had it been thunder, I should have thought it not over twelve or 
fifteen miles distant. It seemed to roll or pass off in a north- 
easterly direction, or at right angles to the vibrations of the 
earth. The noise and vibrations lasted about a minute. 

In the town, the druggists’ jars, bottles, &c., were all rocked 
to the very edge of the shelves, and some of them off. Chim- 
neys were considerably damaged ; dishes, cups, saucers, glasses, 
&e. suffered much. The cattle and dogs all ran in confusion 
and seemed much alarmed, and sine ‘ly at a loss to know where 
or in what direction to go. 

[ was talking to a ferryman here a few days since about the 
earthquake, and he told me that he was at the time crossing the 
Mississippi river in a skiff, and that the water rolled as if a 
steamboat had just passed. He said he was much frightened 
until he heard the noise and thought what it was. The fact is, 
however—and such was the case at the time referred to—that 
the noise generally precedes the shaking or vibration from one 
to three seconds. In this case I think it was about two seconds, 

I would mention one fact, notorious here, that the earthquakes 
are much more severe in the swamp or low and inundated lands, 
than in the high and dry lands. Hence it is that those living 
west of here, in what is called Little River Swamps, and follow 
hunting for an occupation, often experience earthquakes when we 
feel none at all. The earthquake of the 17th, of which I am 
speaking, was much more severe there than here or in high and 
dry lands, 

‘Another remarkable fact about the earthquakes here, is, that 
while sometimes the earth quakes or trembles, as it were, at 
other times it seems to roll in waves, like the ocean, and at oth- 
ers, as in the one I am more particularly speaking of at present, 
it vibrates, apparently, in a horizontal direction. They most 
generally come from the west or northwest, sometimes from the 
southwest. The character of the noise, or roaring, as it is gen- 

rally called, is also variable. 
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great shock was an exceedingly great agitation of the water and 
the land. The convulsion on the Jand was so great that all of 
the brick and stone buildings on the Island were more or less 
injured, and some were reduced to a mass of ruins; and a man 
could not keep on his feet without holding on to something. I 
had a boat on shore at the time, and the inflood of the water 
was so great that it took her into the tops of the trees near the 
ocean, and swept water casks and such things a fourth of a mile 
or more into the country. And when the water receded, it left 
them with hundreds of fish high and dry, and the land at the 
watering place sank about twelve feet. When the water receded 
it took my ship back with such force that it parted my chain 
and IJ lost an anchor; she had run over it when the water flowed 
in and then went back with great force. 

I would say that at the time of the first shock, and through 
the night, the wind was very light from the northeast. Several 
ships lying at Apra (the capitol of the Island) lost anchors by 
being covered up at the bottom of the harbor, and they had to 
part or cut their chains. I think there were six lost. The mo- 
tion of the water on the Island was east and west. 


2. Note from the Journal of Dr. C.F. Winslow.—(1.) Earthquake 
at Lima, March, 1865.—T. J. Pope, Esq., Secretary of Legation 
to the Embassy of Peru at Lima, informs me that on the Ist of 
March 1865, at 64 A.M., he was then on board the U.S. Ship 
Lancastre (acting as secretary to the Admiral), and his attention 
was called by the orderly to the strange agitation of the water 
in the bay. He states that the surface of the bay for a long dis- 
tance around the ship was in a state of agitation and ferment, 
and that the water with wind was thrown up in jets from 12 to 
15 inches. The odor of the sulphuretted or carburetted hydro- 
gen was horrid, and the white paint of the ship was blackened. 
This occurred about the time (just before, in February,) when a 
great wave suddenly rushed into Callao bay and swept the bath- 
ing house away, and several persons drowned. There were 
several shocks of earthquakes about this time. But Mr. Pope 
felt no shock on the 1st of March, at the time of the phenome- 
non he speaks of. 

Lima, April 20, 1865. 

(2.) Harthquake off Paita, May, 1865.—At } past 1 P.M, a 
strong earthquake was felt here which agitated the people very 
much, It lasted 20 seconds. This is experienced by me and is 
the strongest I have felt in Paitas Movement great from N.E. 


Paita, May 15, 1865. 

(3.) Earthquake at Amotapa in Aug. 1858.—In 1858, August 
28, at 66 a.m, I felt a very severe earthquake at Amotapa. 
Made a crack in the river Chira, so that sulphurous fumes and 

Am. Jour. Scr.—Srconp Series, Vou. XL, No. 120.—Nov., 1865. 
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ArT. XXX VIII.—On Metabrushite, Zeugite, Ornithite and other 
minerals of the Key of Sombrero, Je F4 by ALEXIS A. 
JULIEN, Assistant in School of Mines, Columbia College. 
SOMBRERO, a remnant of a coral Island, lying in lat. 18° 36’ N. 

and long. 63° 27’ W., varies in height from fifteen to forty feet, 

and comprises an area of about ninety-five acres. T'he quality 
and continued yield of the deposit of rock guano, which is dis- 
seminated in veins through the beds of limestone, have rendered 
its name familiar. During a residence of between three and four 
years (1860-1864), the following minerals have been observed 
by me, an unusual number for a formation of so recent geological 
origin and limited extent 

Calcite, and its phosphatic pseudomorphs 

Common salt, in cubes and in curved crystals. 

Lrushite, in massive specimens. 

Metabrushite, and its pseudomorph, zeugite. 

Ornithite, and its pseudomorphs 

1. Calcite—This mineral, in its variety of massive, lamina- 
ted, and stalactitic forms, is very abundantly dispersed through- 
out the fissures of the limestone, and small crystals though Jess 
common are not rare. All then se display the ordinary character- 
istics of the mineral and possess no features worthy of notice. 

However, a remarkable pseudomorphous process, consisting 
in thes ibstitution of phosphoric for carbonic acid in the caleare- 
ous material of the Key, has taken place on a very extensive 
scale at various periods in its geological history. This has been 
effected by solutions of certain salts, from the superficial guano 
deposit, brought down by the rains into the joints of the lime- 
stone, and has given rise to various white, yellowish, and brown- 
ish materials, ‘These are especially rich in the bone-phosphate 
of lime (8CaO, PO,), containing about 85 per cent of that salt 
also about 5 per cent each of phosphate of magnesia and carbon 
ate of lime, with small percentages or traces of organic matter 
sulphate of lime, oxyd of iron, alumina, and their phosphates, and 
fluorine. The masses of calcite in the vicinity of the guano- 
veins have participated in the same changes and thus interest- 
ing } pseudomorphs have been produced, not only of the massive 
and stalactitic forms but of the crystals. Of the latter three 
varieties may be mentioned: 

(1.) ‘Those which consist simply of an ordinary crystal of cal- 
cite, overlaid with a brownish film of the phosp yhatic material. 


’ 


* I take this opportunity to acknowledge my indebtedness to Prof. U. F. Chandler 
of the School of Mines, Columbia College, for the use of his private laboratory, (in 
which uvearly the whole of this res ration has been made), and for bis general 
assistance and advice; to Profs. O. N . Rood and C. A. Joy of the School of Mines, 
for the use of instruments and books; and to Prof. J. D. Dana of New Haven, for 
his crystallographic examinations.—a, A. J. 
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a sphere of er I st 1 ol every 
crystal is apparently a t though irregular. The 
following are the 1 


OLLO! al ‘ence of 


Moisture (expelled at 1¢ C). { 
Loss by ignit - 


Guano, attacl the crystals, 153 
Sulphuric acid, 
Sodium, 
Potassium, 0 
Magnesium, 
Lime, - } 
Aluminum, 
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These results are equivalent to water 55, guano 1:53, sulphate 
of lime ‘75, chlorid of aluminum ‘30, eblorid of calcium 30, 
chlorid of magaesiam “11, chlorid of potassium *20, and chlorid 
of sodium 95°46=99°25. 

The crystals were found to be very 1. 
deliquescent in an atmosphere saturated : 
with moisture, absorbing more than 
their weight of water after a few days 
exposure. <A sketch of a crystal mag- 
nified about fifteen diameters is given 
in fig. 1. 

8. Brushite—A few small specimens 
of massive brushite, crystalline in struc- 

ture and having a botryoidal surface, 
were found in one locality as crusts 
to gnano. Drusy cavities occur 
in this material, but no crystals like 
th iose from Aves Island, described by 
by Mr. G. E. Moore,’ have yet been found. The following are 
the characters of this massive brushite: Hardness =2°76. Specific 
gravity =2°953-2°999, by two determinations of the coarsely 
powdered mineral in aleoho]l and in pure benzole, at 60° F. 
Luster vitreous, inclining to resinous; Roni Color white, but 
with a superficial yellowish tinge, (lighter than that of Moore’s 
crystals). Streak and powder white. Translucent; in thin laminge 
transparent. racture uneven. Brittle. 

Gently heated in a closed tube before the blowpipe, it at once 
gives olf water, darkens with a slight empyreumatie odor, and 
again whitens by ignition The water, condensed above, is de- 
cidedly acid, and gives the reactions for phospborie acid, In 
the platinum forceps a nd on charcoal, it glows with a greenish 
light at a high temperature and fuses with a little intumesence 
to a button which is crystalline on cooling. At the same time 
it imparts a slight greenish tinge to the OF, especially if pre- 
viously moistened with sulphuric acid. With borax and with 
microcosmic salt it fuses easily, with a little effervescence, to a 
bead which is clear and colorless, both hot and cold; when 
iiearly saturated, the bead is clear and slightly yellowish while 
hot, transparent and colorless when cold, and becomes milk- 
white and opaque by flaming; with a still ange excess it is 
slightly yellowish and transparent while hot, and becomes white 
and opaque on cooling. With carbonate of poe on charcoal it 
fuses readily toa clear and colorless glass. It dissolves easily 
(even after ignition) in nitric and hydrochloric acids, but very 
slowly in acetic and tartaric. When boiled with water in a test- 
tube the water gives a strong acid reaction with litmus; most 


o 
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probably from the well-known d 
water, into bone-phosphate and 
PO,) of lime. 

Two determinations were 1 


the air-dried material, the assay 
case in an air-bath, at various ten 
and then ignited at a red-heat. 


Hygroscopi moisture. 100 
Water and org. matter t 


Combined water, 


Total, 


A tendency is thus ted 
equivalents of water of cryst 
between 126°-240° C., t 
the temperature 
following is an a 


Moisture, - 
Water and orgar 
Silica, - . 
Sulphuric acid, 
Phosphoric acid, 

Magnesia, 
Lime, - . 

Alumina and sesquioxyd of it 
Fluorine, 


These figures correspond to t 
Moisture, - 
Organic matter, 
Sulphate of lime SO,+2H0,) 
Alumina and sesqu 
Silica, phosphate of magnesia, 


2CaQ, 
HO, - 
PO 

4aq. 
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being treated in the usual way. The lime was first precipitated 
with sulphuric acid and alcohol. To the filtrate, evaporated to 
small bulk, citrate and aqua ammonia were added in excess, 
by which all the magnesia and a part of the phosphoric «cid 
were thrown down as ammonio-phosphate. In the filtrate the 
remainder of the phosphoric acid was precipitated with the 
usual sulphate of magnesia solution. The filtrate was evapo- 
rated to a small bulk, digested in a flask with nitric acid until 
the complete expulsion of all chlorine, evaporated to dryness in 
a platinum dish, and calcined to perfect whiteness. The residue 
(excess of magnesia from the reagent) was redissolved in hydro- 
chloric acid, the alumina and the oxyd of iron precipitated with 
aqua and carbonate of ammonia, and, after weighing, the iron 
redissolved and determined volumetrically, if desired. In the 
filtrate the alkalies if present were separated from the excess of 
magnesia, 

I) another portion of material, the water was determined as 
already explained, the ignited residue dissolved in nitric acid, 
and the chlorine and sulphuric acid successively estimated by 
additions of nitrate of silver and of nitrate of baryta. 

4. Metabrushite-—~This new mineral has been observed to oc- 
cur only with the guano as a matrix, and in two localities in the 
northern part of the Key; in one, studding the sides of a cav- 
ity and attached in microscopic crystals to many small rootlets 
within it; and in the other, as a single large group, weighing 
about ten grammes, some of the crystals being ne arly an inch in 
length and half an inch in breadth. The crystals are usually 
short, thick, and a with most of their faces uneven and 
lusterless, unlike the prisms of brushite. ‘I'he planes of cleav- 
age are the same as in that mineral and in selenite, but are more 
imperfect. No massive specimens have yet been discovered. 
Its characters are as follows: 

H. =2'75. Sp. gr. (with large crystals and distilled water at 
60° = 2-288, 2°356, and 2°362. Luster vitreous, inclining to 
pearly, splendent on cleavage faces parallel to the clino-dig agonal 
section; somewhat resinous on surfaces of irregular fracture. 
Color yellowish-white, sometimes with a slight reddish tint by 
transmitted light. Streak and powder white. Transparent; in 
some cry stals, | however, the surface is covered with a translucent 
film, by which their transparency is disguised and to which 
their reddish tinge is probably due. Fracture uneven. Brittle. 
It presents the same characteristics before the blowpipe and 
when treated with acids as massive brushite, except that it is 
ap parently a little more slowly soluble in the mineral acids, 
It also exhibits strong double refraction. 

In one assay the total loss of water by ignition was at once 
determined, and in three others, as in brushite, the loss at suc- 
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cessive temperatures from 110° to 400° C. was carefully ascer- 
tained. 


Moisture, ( 1620 L515 1°380 
Water, 121 17-419 17°191 
Water and org. matter, 1-293 4-600 461 
Combined water, 22-27 22-019 23-652 


A tendency was ticead tot expulsion of one of the con- 
stitutional equivalent f water | formula below) at about 
126° C., of the ren vo at 175°-180° C., a fraction of a per 
cent of water at 2: °C.. and the basic ¢ valent on 1gn1- 
tion: but the figures re som ial 7 lantity of 
material in my hands beins t following analyses were 
made from an : int alt 1e! tt] ss than two grams, 
according to the method 


Moisture, 
Water and organic matt ) (940 207 
Sulphuric acid, 

Phosphoric acid, 12-688 43°10 19-7 « 
Lime, 2-0 2 
Magnesia, 

Alumina, 

Sesquioxyd of iron, 


There was no trace of « i present 1 no examination 
was made for fluor sult y | rouped as follows: 

Moisture, - 1491 

Organic matter, Ti 

Suiphate of lime, 68 

Phosphate of n i Mo ©. PO 

Alumina, oxyd 


2CaO, 
HO, - 5°277 
Pr ). . $1°S44 
3aq.  - . 15°832—95'908 metabrushite. 


which contains fou livalents of water of crystallization and 
which was found by Ples* in almost pure a rerystals in the 
central tissue of Zecionia grandis, we have in metabrushite the 
allied salt of Reewsky‘ and Berzelius, the analysis (1) and theo- 
retical composition (2) of which, by Berzelius, are as follows: 


While, therefore, brushite corr spor ls to t t of Boédeker,’ 


* Ann. Pharm, Ixix, 206 * Rép. Chim. Appliq., xi, $24 
* Pharm. Centralbl.. 848, 285 
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1. 2CaO, 34:39 HO,550 PO,, 43°61 3aq, 16°50 = 100, 

2. 35°42 5°87 41°90 17°01 = 100, 

Its relation to brushite and succession in amount of water 
have therefore‘ been designated in the prefix of its name (uera, 
after). In many of its characteristics it bears a strong resem- 
blance to gypsum, a mineral which, it may be s‘ated, does not 
occur upon the Key. I am indebted to Prof. J. D. Dana for the 
following results of his crystallographic examination of meta- 
brushite and its pseudomorphs. 

“System monoclinic. Occurring planes the prismatic 7-7 
(orthodiagonal) and 7-2 (clinodiagonal) with a hemidome which 
may be lettered —-1-7, as shown in the annexed sectional figure, 
(fig. 2,) ¢-¢ on —1-i=41° 30’—42° 30’, as measured 
with the common goniometer, but varying in some 
cases between 88° and 46°. .. . Large crys- 
tals, which vary from a fourth of an inch to an inch li 
in length, often nearly half as broad as long, with 
commonly only 7-2 smooth, —1-7 being crossed verti- 
cally by a few deep furrows and ridges, and round- 
ing either side into 7-2, which is also uneven from a i? 
series of furrows parallel to those of —1-7, (see fig. 
3). Cleavage clinodiagonal, easy and pearly. The it 
crystals differ in the occurring planes from those of 
brushite, although like them in being of the mono- 
clinic system, and in hs aving a pe arly clinodiagonal 
cleavage. They approximate moreover in the 
angle i-¢:—1-7; for calculation gives for this angle 
in brushite (in which the plane —1-2 does not occur) 41° 44’. 
The discovery of other crystals at Sombrero with additional 
planes, and those that are better for measurement, is necessary 
to settle positively the question of identity. 

Pseudomorphs.—Pseudomorphous crystals (hollow crusts or 
shells) in considerable abundance have been found in certain 
localities in the course of quarrying. Of these 
at least the two following varieties may be un- 
hesitatingly referred to metabrushite, possessing 
the same form and the peculiar furrowed planes. 

A. Zeugite—H. =3°25. Sp. gr.=2°971. Color 
white, and with light shades of yellow and 
brown. Translucent. The crust in these crystals 
usually very thin, brittle, and fragile. The ex- 
terior surface is tolerably smooth (on the ortho- 
diagonal plane,) though without lustre; but the 
interior, on being broken open, is extremely rag- 
ged and irregular. Both surfaces are often, but 
not always, completely covered with glittering points, which 
beneath the microscope are revealed to be tiny rhombs of calcite. 

Am. Jour. Sc1.—Seconp Series, Vou. XL, No. 119.—Sepr., 1865. 
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This rare variety of the pseudomorphs was found associated in 
the same cavity with the large group of crystals of metabrush- 
ite before mentioned in stellated, radiating, and irregular groups 
and drusy crusts, adhering to guano and also to the sides of 
Cavities in the limestone. A few are also attached to the large 
group itself, showing the commencement of the pseudomorph- 
ous process. Two analyses of this material follow, of which I 
is the mean of two almost complete analyses of the same speci- 
men, in which the phosphoric acid was determined by means of 
oxyd of mercury. 


I Il Mean 

Moisture, ; 
Water and organic matter, - 
Sulphuric acid, - “89 19 
Carbonic acid, . trace 18 24 
Phosphoric acid, 47:07 | 46°03 | 46°55 
Magnesia, - 3-95 992 3.59 
Lime, - 44°18 14°24 | 44°21 
Alumina and sesquioxyd of iron, 54 78 66 
Fluorine, - trace. trace, | trace. 
Chlorid of sodium, . undt 1:08; 1:08 
99°50 | 99°54 


In grouping together theea results we must of course, in the 
first place give to the percentages of sulphuric and carbonic 
acids their equivalents of lime, and to that of magnesia sufficient 
phosphoric acid to form the salt, 3MgO,PO,. ‘There only re- 
main— 


Atot ratios. 
Lime, - - 43°78 1°56 8 
Phosphoric acid, - . 42°28 “59 3 
If we calculate to the lime its proportion of phosphoric acid 
to form the bone phosphate, 3CaVU, PO,, five per cent of phos- 
phoric acid will stil] remain uncombined, except with the trifling 
quantity of aiumina and oxyd of iron. From these considerations, 
necessary to elucidate the proper method of combining the re- 
sults, (a question almost always a matter of great doubt and un- 
certaiuty,) the following arrangement seems the most probable: 
Water and organic matter, - . - - - 2-93 
Sulphate of lime, - - - 
Carbonate of lime, - - - - - “54 
Phosphate of lime (8CaO, 3Pt - 85°62 
Fluorid of - - trace. 
Phosphate of magnesia, - - 7°86 
Phosphates of alumina and iron, - - - - 110 


Chlorid of sodium, . 1:08 


99 54 
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_ This is therefore a new but accidental product, and although 
it is amorphous and there is no apparent relation between the 
constituents, (the phosphate of magnesia, alumina, etc., prob- 
ably occurring in variable proportions, here as elsewhere,) never- 
theless it differs somewhat in appearance from every other phos- 
phatic material upon the Key, and is the only substance, I 
believe, in which this phosphate of lime, 8CaO, 3PO,. occurs in 
nature. This salt is the one whose occurrence in bones, as re- 
ported by Berzelius, as well as certain methods for i's manufac- 
ture, were ascertained by Raewsky to be incorrect; but no evi- 
dence has been offered against its identity (with the addition, 
perhaps of some proportion of water) with the precipitate 
formed’ by pouring chlorid of calcium, drop by drop, into a 
solution of phosphate of ammonia, containing an excess of am- 
monia, until half the phosphoric acid is thrown down. In the 
following table its composition, together with that of the bone 
phosphate of lime, are put side by side for the sake of compar- 
ison: 


8CaO, - 22504 51248 | 8Ca0,- ~8439 4188 
8PO, - 21408 48752 | PO,, - 71:36 45°817 
43912 100 155°75 100° 


In this case the salt has probably been formed by the union 
of an equivalent of the neutral phosphate of lime of the original 
crystals of metabrushite with two of the bone phosphate of lime 
of the pseudomorphous solution, and the old theory of its com- 
position is thus confirmed, (rejecting the water :) 

2Ca0, PO,+2(3Ca0, PO,)=8Ca0, 3PO,. 
To express, therefore, the junction in this mineral of meta- 
brushite and ornithite, (soon to be described,) it may be called 
Zeugite (tevyitys, yoked or joined together,) and the other phos- 
phates, etc., presents may be considered, as usual, impurities. 

In the platinum forceps, before the blowpipe, it darkens with 
an empyreumatic odor, whitens, glows with a greenish light 
(though not so strongly as in the case of brushite and meta- 
brushite,) but does not fuse, even upon thin edges. In a closed 
tube it darkens, with the odor, whitens, and gives off a very 
little hygroscopic water. With borax, microcosmic salt, and 
carbonate of soda, it acts like ornithite. When boiled in a test- 
tube with water, the latter becomes alkaline, 

In cavities of the limestone in another locality of the Key, a 
variety of these pseudomorphs has been found in which the 
hemidome, —1-2, is invariably covered with many small crystals. 
In the same cavities also occur large hollow hemispherical and 
botryoidal crusts. These are probably pseudomorphous crystals 


® Berzelius, Traité de Chem., iv, 386. 
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of metabrushite, with the angles rounded off by aconcretionary 
tendency in the pse udo! norphot us pro ess, Or they may be pseu- 
domorphs of massive specimens of the mineral. Their material 
resembles that just described, in color, etc., (except that it is not 
drusy with calcite,) and it bas probably the same composition. 

B. Color straw yi llow, buff, to dark shades of brown. Sub- 
translucent—opaque. Brittle. Crusts rather thicker than those of 
A, without the glittering surfaces. Found in isolated crystals, 
irregular groups, and drusy films, in cavities and fissures of the 
limestone, and in radiating groups upon stalactitic deposits of 
phosphate of lime. From their color and furrowed sides they 
often resemble li 

C. Sp. gr. =2°988-3:030. Color straw yellow, buff, and shades 
of brown. Opaque. Britt Narrow blades, sometimes an 
inch and a quarter in length. In radiating or irregular groups. 


chine wood 


Crust thick * sometimes so much so that the crystals are nearly 
or guite solid. Oc limestone cavities. ‘The following are 


a complete and a partial analysis of different specimens, the lat- 
ter having been spoiled by an accident: 


Water and organic matter, ‘ 3:98 3:88 


Sulphuric acid, ‘18 
Carbonie acid, - . 1:74 littl 
Phosphoric acid, . 43°24 —— 
Magnesia, - "56 
Lime, 48°87 47°15 
Alumina and sesquioxyd of iron, - 1:02 — 
Fluorine, - trace. trace. 
Chiorid of sodium, . - . 3 


In grouping these ilts | ployed in the case 
of A, if we calcul ite the remain ler of the lime as bone-phos- 
phate, 3 8 per cent of phosphoric acid will remain uncombined ex- 

ept with alumiaa and iron. It seems more judicious, therefore, 
to suppose the existence of a mixture of the two phosphates of 
lime in this case, and arrange the analysis, for example, as fol- 

lows: Water and organic m itter, 3°90; sulphate of lime, "39 ; 

carbonate of lime, 3°95: phosphate of lime (8CaQ, 3PO,), 
35°28 ; bone phosphate of lime, (8CaO, PO,,) 52°49; phosphate of 
magnesia, 1°22 : phosp iates of aluminaand yn, 2:36; fluorid of 
calci um, trace; =99°59. Asthe narrowness of the } seudomorphs 
of this variety is unusual among at least the known crystals 
of metabrushite, they may possibly be pseudomorphs of prisms 
of brushite, if such ever existed on the Key. In my first pub- 
lished statement’ of the discovery of metabrushite, I errone- 
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ously attributed to its composition the results of a qualitative 
examination of the foregoing pseudomorphous material. No 
analysis has been made of the material of variety B, but it is 
probable that in both B and C the material always consists of 
zeugite, with bone phosphate of lime (as well as the phosphates 
of magnesia, etc.,) as an impurity, in proportions increasing 
until perhaps the amount of 8CaO, 3PO, becomes too small to 
be distinguished. 

5. Ornithite—In the empty casts of Madrepores and other 
cavities of the coral limestone, in two localities of the southern 
part of the Key, another new mineral occurs. 

System monoclinic. Small crystals, not over a fourth of an 
inch in length, usually very narrow, with the planes even and 
not polished, and -1-1 very slightly convex, resembling some- 
what a common form of gypsum. Clinodiagonal cleavage 
perfect; so that this, unlike the other minerals, is easily sec- 
tile into very thin scales; two other planes, as in gypsum. 

The broader crystals are arranged in radiating groups, while 
most of the narrower are isolated and strewn irregularly over 
the surfaces of the cavities. No massive specimens “of the min- 
eral have yet been found. 

Hardness =2°5 ; (just scratches mica when rubbed upon it). 
Lustre pearly on clino-diagonal surfaces. Color white. Streak 
and powder white. Translucent. Flexible. 

When heated before the blowpipe in a closed tube, it darkens 
with a feeble empyreumatic odor, loses water, and again on igni- 
tion becomes white, opaque, and lusterless. It is probable that 
the water condensed above is neutral to the test-papers. In the 
platinum forceps and on hy whee the mineral undergoes the 
same changes and does not fuse.” When previously moistened 
with suiphuric acid, the pecs tinge of phosphoric acid is im- 
parted tothe flame. With borax and with microcosmic salt it dis- 
solves readily, and apparently with greater effervescence than in 
the case of massive brushite or rie abrushite, to a bead which is 
clear and colorless both hot and cold; w hen nearly saturated, 
the bead is yellowish while hot, clear and colorless when cold, 
and becomes white and opaque by flaming: with a still greater 
excess, the bead is transparent and yellowish while hot, and be- 
comes white and opaque on cooling. Readily soluble in nitric 
and chlorhydric wae. In thin scales it exhibits a feeble display 
of colors under the polarizing microscope. 

The amount of this mineral in my possession being very small, 
only about one-tenth of a gram of pure crystals could be used 
for analysis, and it was first carefully dried at 100°C., with but 

7 On account of the small size of the fragments and their mobility before the 


blowpipe flame, I was unable to determine the effect of a long continued ignition ; 
but at the end of a minute’s ignition no trace of fusion could be perceived. 
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trifling loss. With this two water determin: 


made, from ‘048 and .058 grame respective 


crystals, as follows: 


Water, 250° C, 3°918 
Water and trace of org. matter. strong ion.| 5°154 


Total 9°07 


A tendency is thus shown to the expulsion of 


(in the formula obtained below) below 250 c. 
of the other until ignition. The ignited residu 
and analyzed in the usual manner, with t 


Water and trace of organic matter. 9°449 . 
Phosphoric acid, 10°139 

Magnesia, - . trace. 
Lime, - . 15°768 
Alumina and sesquioxyd of iron, 1623 


No attempt was made to test for sulphuric 
traces of which may occur. T| 
formula 3CaO, PO, +2aq., so that this minera 
composition with the gelatinous precipitate pro 
bone-phosphate of lime is thrown down from s 
going figures may be arranged as follows: 


Organic matter, . - - 
Alumina, ox of iron, and their ph sphates 
Phosphat or magnesia, 

8CaO $5°768 

PO 

2aq., 
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6. Hemispherical stellated groups. Color white. Opaque. 
Friable. 

No analysis has been made of the material but I suppose it to 
be identical with that of the original crystals, minus the water. 
They occur intermixed with the original crystals; and also as 
solitary white groups, dotting over in marked contrast the dark 
brown phosphatic lining of cavities in the limestone. 

In conclusion it may be observed that specimens of all these 
phosphatic minerals are exceedingly rare, few having been 
found since my departure from Sombrero (in the spring of 1864). 
Good specimens of the pseudomorphs are also uncommon, 
though imperfect or drusy crystals have occasionally been found 
in tolerabie abundance on the opening of some new vein. It is 
a universal rule, when the original or the pseudomorphous crys- 
tals occur in cavities of the limestone, that they are never in 
direct contact with the matrix, a film or thin layer of a common 
brownish material, rich in bone-phosphate of lime, always inter- 
vening. As to my theory in regard to the origin and history of 
these minerals and of their pseudomorphs, I must refer to the 
coming publication of my general observations on Sombrero. 

lt is sufficient here to state that they have undoubtedly been 
deposited from the salts of the superficial guano-deposit brought 
down in solution by carbonated rain-waters into the joints of 
the limestone. 

School of Mines, Columbia College, New York. June, 1865. 


Art. XXXIX.—On Two Varieties of Sponge-Spicules ;* by 
ALEXIS A, JULIEN. 


In clearing the white coral-sand out of a crevice of the rock 
near the east cliff of the Key of Sombrero, W. I., a loose mass of 
snow-white acicular fibres was found, associated with fragments 
of coral, shells, etc., at the height of thirty-six feet above the sea, 
and imbedded in the sand at a depth of about three feet from 
the surface. Among these fibers the two following varieties 
were distinguished, the former composing the bulk of the 
mass : 

A. Acicular, tubular, and gently-curving spicules (fig. 1, a), 
tapering from the middle toward each end, at first very gradu- 
ally, and then rather suddenly at a short distance from the end, 
to a rounded point. 


' My grateful acknowledgements are due to Prof. 0. N. Rood of the School of 
Mines, Columbia College, for the use of his microscope and for general assistance 
and advice, and to Prof. C. F. Chandler of the School of Mines, for the facilities of 
his laboratory.—a. A. J. 
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| No. of 
Variation. Mean Measurem’ts. | 
Lenvth, - - - - - - 1, inch + inch 40 
at middle ine ine 
Diameter at middle, - - | 745 inch 58 | 
end, 3 inch 6000 inch 15 
dle dis ( ane 1 1 
Ratio of mid di im. to length, 8 | 
Ratio of middle to end diameter, L—4 2 13 
|Diameter of central tube,- - inch inch 45 
Ratio of bore to diameter, 45 


The range in the variations of the measurements and of the 
ratios is consequently very considerable, and the same conclu- 
sion is impressed by a simple examination of a few spicules 
under a microscope, without measurement. Some of the long- 
est spicules are the narrowest, and the thickness ¢* the walls of 
the tube seems to bear no fixed relation to any other dimension. 

A portion of the mass was carefully cleansed, by digestion 
with acidulated and with pure water, from the intermixed impu- 
rities, particles of sand, etc., and on analysis yielded the follow- 
ing results: 


Silica, - - - 89°84 
Protoxyd of iron, - - - : 09 
Potassa, - - ‘63 

99°63 


Hardness =8. Specific gravity =2°071. Color white. Lus- 
ter pearly. Powder white. ‘Transparent. Elastic. Easily 
ground to a very fine powder. Fracture conchoidal. ‘T'rans- 
verse planes of fracture very distinct; so that on coarsely pul- 
verizing the spicula, very thin and beautiful transverse sections 
may be readily obtained among the fragments. The material 
does not possess double ref 

In the platinum forceps or on charcoal, before the blowpipe, 
the spicules decrepitate slightly, whiten, lose their luster, and 
curl together into a coberent mass. When this mass is exam- 
ined beneath a microscope, the ends of the spicules are found to 
be fused and in many cases blown into thin bulbs, or a series of 
bulbs occurs along their stems. This has evidently been effected 
by the fusion of their ends and the expansion of the air in the 
tubes. In a closed tube the spicules whiten, curl, and vield 
water. Unaffected by the acids, bot or cold, but veadily soluble 
in a solution of caustic potassa. 

B. Acicular, tubular, and gently-curving spicules, tapering 
gradually from the middle toward either extremity. Only about 
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a dozen specimens have been observed, all of which were frag- 
ments like that sketched in fig.4. These fragmentary spicules 
differ from those of A in their minute size and in being marked 
by a series of from nine to sixteen nod sisting of from 
four to eight sharp spines encircling the spici From their 
general corres} ondence to the spicules of A, in their curving and 
tapering outline and tubular character, anal- 
ogy (stated belo umber of the spines upon 
the nodes, I have ventured in fig. 4 to lighter lines 
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specimens, no 8-spined nodes seem to be present, but my o Iser 
vetions have been too few to determine the extent of the 
Variation, 

The central tube appears to pass uninterruptedly t through the 
nodes, to diminish in breadth towards the extremity of the spic- 
ule, and to present an open orifice there, into which the water 
enters when the spicule is immersed. The dimensions of these 
spicules are as follows: 


No. of 
Variation. Mean. | Measure - ; 
ments 
Length, - - = « « inch | inch 9 | 
Diameter at middle, inch inch 9 
“end, - - + | inch } 
“ nantral 1 me 1 | 
central tube, inch inch} 3 
Ratio of bore to diam. of spicula, om, 4 ie ee 


The chemical and physical characteristics of this variety are 
apparently identical with those of the former. 

Both these varieties are related to the spicules of sponges, in 
their general characteristics; and I learn from Prof. A. E. Ver- 
rill that a sponge secreting such spicules exists in the West 
Indies. They may come from species of Hyalonema, which, 
according to published descriptions, are Gorgonioid corals having 
an axis of pari allel siliceous fibers; but Mr. Verrill states tha 
the species of Hyalonema are probably sponges. However a 
may be, there is a decided parallel arrangement in certain por- 
tions of the original mass, and even a firm cohesion of little buan- 
dles of the parallel fibers, which may imply that they were not 
disseminated through their organic matrix in the irregular man- 
ner usual to the spicules of a sponge, but occurred ina coherent 
mass of parallel fibers. 

Although the mass of spicules is so light as almost to float, 
nevertheless it rapidly falls to pieces when placed in water. It 
is pro buble therefore that it has not been thrown up by the sea 
in its present form but is the residue from the decomposition of 
a sponge in the sand. Many sponges have been frequently 
thrown up by heavy ground swells at the locality in which the 
mass was found. The negroes state that similar white masses 
have been observed on the beach of the island of St. Martin. 


School of Mines, Columbia College, New York. June, 1865. 
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2. Hydrocarbons from Coal- tar Naphtha. 


‘alculated boiling-| Difierence between 
Name of substance Formula ap fom , ane by Schroder’s Calculated and deter- 
point theory. mined boiling-point 
° ° ° 
Benzole, C,.H, | 80 00 
Toluole, C,H, 110°3 100 10°3 
Xylole, CieH,. 139°8 120 | 19°8 
‘ | 
_Isocumole, 169°9 140 29°8 
3. Lhe Homolojyous Hydrocarbons from Oil of Cumin and Cuminic 
Acid. 
, | Caleulated boiling- | Difference between | 
|Name of substance Formula. | wctermined |yoiut by Schroder’s jcalculated and deter- 
theory mined boiling-point. 
° ° | 
Cumole, | 181 140 
| Cyrmole, C,,H,, | 1796 160 19°6 


It appears, therefore, that the theory of Schréder finds no 
support from any one of the different series of hydrocarbons 
presented in these tables. The discrepancy between the observed 
and calculated boiling- points, as shown, varies from about 10° to 
50°C. This discrepancy is found to increase pretty uniformly 
by about 10° as we rise hae one member to the next higher in 
the ascending series. In the series of the formula C, H,, how- 
ever, the discrepancy i is nearly a constant one, viz. about 46°. 
I would not overlook the fact, that the ec: alculated boiling-point 
of benzole is absolutely identical with that found by experiment; 
nor the remarkable coincidence, that the agreement is almost 
perfect between the probable boiling-point, and that obtained by 
calculation, for the body of the probable formula C, H,, in the 
lst Series from petroleum. It is obvious, however, that these 
are merely accidental circumstances, to which no importance can 
attach. 

Or tHe Bortnc-potnrs oF Hyprocarsons By Léwie’s 

Tueory, viz. rHAtT One Arom or Carson (C) RAIsEs THE Boriine- 

PoINt 38°:4, anp One Arom or Hyprocen (H) Lowers rr 29° 


Hydrocarbons from Pennsylvania Petroleum. 
Ist SERIES. 


Determined Calculated boiling- | Difference between | 


Formula. boiling-point. ome” Lew ig’s calculated and deter- 

eory. mined boiling-point. 

C, Hy, 0:0 (?) 

Ci 80°2 33°6 3°4 
61:3 520 9°3 
( 144446 90°4 70°4 20°0 
150°8 107°2 43°6 
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far from being the case; and that the theory of Gerhardt, as 
well as those of Schréder and Léwig, so far as these relate to the 
hydrocarbons, was by no means legitimately drawn from nature, 
but is altog ether artificial. 

2p Srries.* 


Net ined Cuiculated boiling- | Difference between 
Formula. (?) boil point by Gerbardt’s calculated and deter 
theory. inined boiling-point. 
C, H,o 8-9 -8 16°5 
70 | 125 | 245 
68°5 33°0 35°5 
98°] 53°5 44°6 
127°6 74:0 53°6 
5D SERIES, 
Calculated boiling- Difference betwee ny 
Formula point by Gerhardt’s calculated and deter-| 
Dolling-po theory mined beiling-point. | 
195°8 150°5 45°3 
C,,H,, 216°2 171°0 45°2 
Hydrocar ons Jrom Coal-tar Naphitha, 
| Meters , | Calculated boiling- | Difference hetween | 
Name of substance Formula point by Gerhardt’s | observed and calcn- | 
bolling-point theory lated boiling-point. | 
° ° 
Benzole, | 800 93-0 
Toluole, | 110°3 113°5 3°5 | 
Xylole, 139°8 134-0 6:0 
ocumole, ( 169°9 155°5 15°5 | 


Hydrocarbons jrom Oil Cumin and Cuminic Acid. 


Calculated boil- \Difference between} 


Name of Substance Formula. d ing point by Ger-lobserved and caleu- 
point. | hurdvs the ory lated boiling-point 
‘ ~ ~ 
Cumole, 154°5 +3:4 
Cymole, ( 179°6 —46 
Cumo-oil of turpentine,C,,H,, 1600 +46 


The chief conclusions deduced from the foregoing facts and 
—— ations may be briefly summed up as Sllows: 

That the boiling: ye difference for the addition of C, H, 
in series of hydrocarbons is generally 30° C., w hich 
is a much Jarge r difference than has been commonly supposed. 

2. That of the five series of hydrocarbons examined, only one 
series was found exceptional to the rule just stated, and this pre- 
sented the boiling-point difference of about 20°, which is but 


* See foot-note on page 227, 
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for this Journal.)—I have recently bored a well at Chicago 711 feet in 
depth. The surface rock is the Upper Silurian; for the first forty feet it 
is porous and much decomposed ; and it is so filled with petroleum that 
when exposed to the sun the oil oozes out, and the rock will burn almost 
like coal. From this rock, when the well was forty feet deep, I pumped 
100 gallons of oil, but the fountains or sources of the oil were evidently 
much deeper, as the drill proved. The next stratum, 200 feet thick, is 
what we call here Joliet marble, from the name of the place where it 
outcrops; it is a yellowish-white stone and very compact, and affords no 
signs of oil. Next below, for 200 feet, there are bands of grey limestone 
with oi! in the seams; then a band of shale, 156 feet thick, saturated 
with petroleum. This shale I understand separates the Upper and Lower 
Silurian, and where it (the shale) rests upon the underlying rock, oil was 
found in considerable quantities Beneath this shale we entered the first 
band of sandstone rock of a reddish color, abounding in oil, and having 
a thickness of 71 feet. 

At a depth of 711 feet we penetrated a stream of water which stopped 
further progress. This water is perfectly limpid, and is free from all 
traces of sulphur or other disagreeable minerals, and flows 500,000 gal- 
lons of water per day through a 34 inch orifice. Its head is 120 feet 
above Lake Michigan. 

3. On the Drift 'n Brazil, and on de composed rocks under the Drift - 
from recent observations by Prof. Acassiz. Communicated for this Jour- 
nal by AtexanpeR AGassiz.—At Tijuca, a cluster of hills about 1,800 
feet high, and about seven or eight miles from Rio, there is a drift hill 
with innumerable erratic boulders as characteristic as any ever seen in 
New England. Prof. A. had before seen unmistakable traces of drift in the 
Province of Rio and in Minas Geraes; but there was everywhere con- 
nected with the drift itself such an amount of decomposed rocks of vari- 
ous kinds, that it would have been difficult to satisfy any one not familiar 
with drift that there is here an equivalent of the northern drift. There 
is found at Tijuca the most palpable superpositic n of drift and of decom- 
posed rocks, with a distinct line of demarcation between the two. 

This locality afforded an opportunity of contrasting the decomposed 
rocks, which form a characteristic feature of the whole country, with the 
superincumbent drift, so as to be able hereafter to distinguish both, 
whether found in contact or separate ly. These decomposed rocks are 
quite a new feature in the structure of the surface of the country. Gran- 
ite, gneiss, mica slate, clay slate, in fact all the various kinds of rocks 
usually found in old metamorphic formations are reduced to the condition 
of a soft paste, exhibiting all the mineralogical elements of the rocks as 
they may have been before they were decomposed, but now completely 
disinte grated, and resting side by side as if they had been a-:cumulated 
artificially. Through this loose mass there were here and there larger or 
smaller veins of quartz rock, or of granite or other rocks, equally disin- 
tegrated ; but they retain the arrangement of their materials showing 
them to be disintegrated veins in large disintegrated masses of rocks. 
The whole passes unmistakably to rocks of the same kind in which the 
decomposition or disintegration is only partial, or no trace of it is visible, 
and the whole mass exhibits then the appearance of a set of ordinary 
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5. Cretaceous Reptiles of the United States, by Joseru Lerpy, M.D. 
136 pp. 4to, with 20 plates. From the Smithsonian Contributions to 
Knowledge, vol. xiv, 1865.—Dr. Leidy has here described in detail and 
figured with great beauty and perfection, the Saurian remains of the 
American Cretaceous. The species included are the following Thoraco- 
SAuUPFUS 

Bottosaurus Harlini, undetermined species of Crocodiles, Hyposaurus 
Rogersii, Discosaurus vetustus, Cimoliosaurus magnus, Piratosaurus pli- 
catus, Mosasaurus, Macrosaurus levis, Polygonodon vetus, Hadrosaurus 
Foulkii, undetermined reptiles allied to Hadrosaurus, Astrodon John- 
stoni, Tomo lon h rri fic 8, Pliog modon priscus, Che lonia, Chelone sopita, 
Chelone ornata, Emys firmus, Emys beatus, Emys pravus, Plaiemys sul- 
catus, Bothre mys Cookii, Trionyx priscus, 

6. Note on the Discovery of Rhizopods in the Azoic ; by James D. 
Dava.—lt may be thouglit that the recent discovery of the Eozoén in 
the Laurentian of Canada is at variance with the writer’s Manual of 
Geology, in which the Laurentian is styled Azote. But in truth the b ok 
and facts are in more perfect harmony for the discovery made since its 
publi ition. The author suggests on page 147 that Rhizopods nay 
have existed in the Azoic along with lime-secreting marine vegetation, 
limestone strata; and on 
page 596, after alluding to marine locomotive (animal-like) Protophytes 
with other Alga as probably commencing in the Azoic, and as the first 
of comprehensive types, it is added : 


as the sources of the material of the Az 


‘The Protozoans ( Rhizopods, etc.) may have been the associated spe- 
cies of the superior group, as remarked on page 147. The two are alike 
in extreme simplicity of organization. In Alge the Radiate type of 
structure, characteristic of the typical plant, is not brought out; and in 
Protozoans neither of the tour great Animal types appears,—the Radi- 
ate, Molluscan, Articulate, or Vertebrate. If, therefore, these simple spe- 
cies existed in the Azoic era, they were systemless life, and only fore- 
shadowed the great systems of life which were afterwards displayed 
according to their respective types in the true Zoic ages.” 

The reader will apprehend the full bearing of this sentence if he will 
re-peruse the chapter on the Progress of Life from which it is taken. 

7. Report on the Mines of New Mexico; by Prof. RN. E. Owen, Geolo- 
gist, and E. T. Cox, Geologist and Chemist. 60 pp. 8vo. Washington, 
1865.—This pamphlet gives a brief notice of the general geology of the 
region examined. It mentions a five-foot bed of bituminous coal of Cre- 
taceous age in the Raton Mountain close to the stage road; and two 
miles N.E. of Santa Fe, a thin bed of coal with coal-plants and other fos- 
sils { Productus Cora, P. ficulatus, of the Carboniferous forma- 
tion. At the Organ Mts., in the southern part of the territory, the Car- 
boniferous limestone is converted into crystalline marble; and at the 
Iannover copper mines, it is partly fossiliferous, and partly so crystal- 
lized as to resemble the adjoining granite rock. In the same region there 
is a bed of magnetic iron ore, “forming a belt 75 to 100 feet wide,” 
and near the junction with the stratified rocks there is an iron breccia. 
The carboniferous limestone, with P. Cora, was found in the Jemez valley 
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setts Bay. The work is exact in its science as well as popular in style, 
and is in fact a contribution to science which the most learned may read 
with profit. The text is main!ty from the graceful pen of Mrs. Agassiz, 
and the work is dedicated to her husband, Prof. L. Agassiz. The illus- 
trations are numerous and excellent, and the printing and paper all that 
could be desired. 

12. Entomological Society of Philadelphia.—The publication commit- 
tee of this Society propose to publish, and issue gratuitously, an occasional 
bulletin, under the title of “The Practical Entomologist,” in which papers 
on the insects injurious and beneficial to vegetation will be given for the 
benefit of the American farming interest. They express in their circular 
(dated September, 1865,) the hope that the information imparted through 
this medium will be of use to the agriculturists of the country, by lead- 
ing them to study critically the Entomological fauna which surrounds 
them, and to derive, from their knowledge thus acquired, the power to 
increase the production of their crops and develop the interest which they 
represent. It is a singular fact that some of our commonest and most 
injurious insects are least known. Our Cotton, Hop, and various other 
crops suffer at times immensely from insects whose habits we little under- 
stand. The Society aims by its publication to bring out the true history 
of each and all of our noxious insects; and it is believed that, this at- 
tained, simple remedies will suggest themselves, which in certain cases 
may be merely burning the stubble and vigorous fall ploughing. 

They ask, in order that their plan may be carried out, that those hav- 
ing information will send it by letter to the Secretary of the institution, 
at No. 518 South Thirteenth Street, Philadelphia, along with alcoholic 
phials containing specimens of the noxious insects of the region. They 
also desire papers from scientific observers for the “ Practical Entomolo- 
gist,” as only the active coéperation of all interested parties will insure 
success in an undertaking which is a labor of public benefit, without 
meneyed recompense. 

13. A classification of Mollusca based on the Principle of Cephaliza- 
tion ; by Eowarp S. Morse. 20 pp. 8vo. From the Proceedings of the 
Essex Institute-—A very valuable original paper, based on researches in 
Molluscan development and bearing on the general subject of zoological 
classification. We may cite from the paper in a future number, 

14. Natural History: A Manual of Zoology for Schools, Colleges, 
and the General Reader ; by Sannorn Tenney, A. M., author of “ Ge- 
ology,” Prof. Nat. Hist. in Vassar Female College. 540 pp. 12mo; 
illustrated with 500 woodeuts. New York. 1865. (C. Scribner.)—The 
American student in zoology will find Prof. Tenney’s Manual a very con- 
venient and useful work. It goes over the animal kingdom, commen- 
cing with the highest class, that of Mammals, and illustrates the various 
subdivisions with descriptions and figures, meutioning and figuring par- 
ticularly North American species. Each of the prominent groups is thus 
presented to the eye by means of excellent wood-cuts of animals accesi- 
ble to the American student, and with a large number of them consider- 
ing the size of the work. The Manual is well calculated to make the 
study of zoology popular and easy. It fails of any introductory chapters 
on the structure of animals. 
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16. British Association at Birmingham.—The meeting of the British As- 
sociation opened at Birmingham on the 6th of September, Professor Phil- 
lips being the President. ‘The number of me mbers at the meeting during 
the week following was about 1,400, and besides these there were present 

508 ladies and 23 foreigners. The funds received amounted to 22271.; 
oe nearly this amount was set apart for various scientific investigations in 
istronomy, physics, zodlogy, geology, &c., including 351. for oyster cul- 
ture, The number of papers read was two hundred and sixty. We 
have no space in this number for a notice of the P roceedings. The next 
meeting will be held at Nottingham. 

17. Systema Nature of Linneus.—By \etter from Prof. A. E. Nor- 
denskiold of Stockholm we learn that the Academy of Sciences of Sweden 
is about to have priuted a new photo-liihographie edition of the first edi- 
tion of Linnzeus’s Systema Naturse; and he adds, that “ To enable us to 
judge Rogge many copies may be sold it would be of some interest to 


h: idea of the pr \bable extent of its sale in the United States.” 
TI his first edition of Linnzus consists of only 13 to 14 Jeaves in folio and 
still cc —_— the rudiments of all his great productions.’ 

18. New Planet.—Planet No. (@) was steer on Aug. 25, by Dr. 


Luther, of the Observatoray at Bulk, near Diisseldorf. On the day of 
discovery at 10h, 46m. 28s., Bilk mean time, its A. R. was 823° 37/49°1", 
and its declination N. 14° 20/ 47-1”. It has been named Clio. 

19. Ltalian Society of Natural Sciences.—An extraordinary meeting 
of this Society was held at S ZZla OV the 17th of S« pt mber, 

20. Prof. Berthelot—A chair of Organic Chemistry has been founded 
at the College of France, an | Prof. Berthelot appointed to fill the place. —_ 
Reader, Sept. 2. 


21. Statue of Arago.—An inauguration of the statue of Arago, erected 
at his | irthplace, E sta gel, in the B isses Py renees, took place ou the 31st 


of Augus & His son, dissatisfied that he had not rece ived a special invi- 
‘commemoration of his father’s politics il 


tation, and because there was n 
services, lined to be prest nt.—Rea le S pt. 


21. Chambers’s Encyclopedia.—Parts 94, 95, 96, 97 of this valuable 
Encyclopedia, extending to RID., have been issued by the American pub- 


‘ 


miral Henry Smirn.—Admiral Smith died at his resi- 
Pr near Aylesbury, Sept. 9th, at the age of 77. He had acted as 


President of the Astronomical Soci pid and of the Geo graphical Society, 
Vice President of the he val So slety, and Director of the Society of Anti- 


quarians. He retired i iu 1825 from naval life, and publis _ in 1844 the 
=. ye le of ( ‘elesti: al O} ets,” including the * Bedford U atal logue, ‘ad an ex- 


cellent hand book of practical Astronomy, a 1 sult of a series of astro- 
nomical observations “ his Observatory at Bedford. He also published 
many works or memoirs on Geographical and other subjects—From a 
notice in Reader, Sept. 16. 

Heeu Cummine, died in London, on the 10th of August last, at the 
age of 74. He commenced his journeyings in behalf of natural his- 
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tory, especially conchology, i , when he built a yacht for the pur- 
pose, and undertook a cruise more than a year’s length among the 
islands of the South Pacific. et ng to Valparaiso, he prepared for 
explorations along the western coast of southern South America, where he 
continued for two years ecting in all departments of zoology. In 
1835 he started on a nv expeditior f fou ‘ to the Phi ippine 
Islands, and made there vast collections woology. During 
the twenty-five years sin s return from the E idies, he was occu- 
pied mainly with the arrangement and extensic his « ‘tions. He 
had long been subject t nic bi \itis and an asthmatic affection, and 
these were finally th I his death. ( olice in Athen., 
Aug. 19. 

JOHANN Franz Ep» EncKE, the Directo f the Berlin Observa- 
tory, died at Spandau, « } rust, 1865. He was born on the 
23d of September, 17 lamburg, where ther was a clergyman. 

Wiitiam Rowan Hamirvon Han , Astrono- 
mer Royal for Ireland, died on the 2nd « epl er, at the age of 
sixty. He became know mathemat n of ex linury genius 
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when he was about twenty + 
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optical theory alone, by reasonit the propert f light, that under 
certain circumstances a ray, instead of y refracted 1 ray, should, if 
the theory were true, split into cone of ra Chis ul fraction, 
on being looked for under prop imst s by Prof. Lloyd, was 
actually found to exist. } nomenon had ever been even imag- 
ined ; and it may | said that 1 e remarka triumph of the- 
oretical prediction had then r the history of ence. If we 
must add to it, as a mut predict { Neptune by Leverrier and 
Adams, each of these b ut ts d honor to the other Sir W. R. 
Hamilton was a man « ry wide pursuits, and very ied ents; he 
was a scholar, a metaphysician, and a poet le was beloved for the 
kindness of his heart, ar spected { e integrity His character,— 
From a notice in Athen. 

Joun T. Ptummer, M.D immer 1 on the 10th of April, at 
his residence in Richmor , Indiana, 1 o8 years. le was a craduate 
of the Medical Scli ( e in 182 hile not making 
chemistry and natural scie1 8] i Study, he made collections and 
observations in different departments. a formerly contributed short 
papers to the pages « f this Joun and to t 2 of the Journal of Phar- 
macy. He was a meml vf the y of Friend ua , and one of 
the best of nen. He was averse to all pul how t and unobtru- 
sive to an extreme. He | 
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PLATES. 
I.—Stereoscopie drawing by hand, Roop, p. 74.—Discussion of Declinometer 
Observations at Girard College, 1840-45, Bacuy, 11 diagrams on 2 sheets, 
pp. 98, 198.—Map of Appalachian mountain system, Guyot, p. 180.— 
Aurora, as an electric discharge, MArsH, 2 plates, p. 311. 
II.—Table of Comparative Sections of U. 8. Coal Measures, LesQUEREUX, p. 129. 
IV.—Vertebre of Eosaurus Acadianus, Mars, 7 figures on 2 plates, p. 16.—Dis- 
cussion of Declinometer observations, Girard Coll., 1840-45, Bacug, 11 
diagrams on 4 sheets, pp. 264, 375, 583. 
V.—Iso-magnetic lines of Pennsylvania, for 1842, BacueE, p. 359. 
VII.—Configuration of Planetary and Lunar systems in Times, Hrnricus, p. 44. 
XL.—Eozoén Canadense, p. 361. 


APPENDIX. 


New Planet.—Prof. Watson, of Ann Arbor, Mich., announces the dis- 
covery by him of another planet, on the 9th of October. In a second 
letter to the editors, dated Oct. 16th, he adds: “I have just received a 
letter from Prof. Ferguson, from which it appears that the planet discov- 
ered by me on the 9th inst. was discovered by Dr. Peters at Hamilton 
College on the 20th of September. I did not know of this prior discov- 
ery until to-day. It seems that Dr. Peters communicated his discovery 
to the Observatory at Washington, but so far as I know no further an- 
nouncement was made. 

“From a little examination which I have made I feel pretty sure that 
this planet is identical with Sap) ho (=), discovered by Pogson at Madras 
on May 2d, 1864, but subsequently lost. The circumstances of the mo- 
tion of the new planet, as far as I have observed it, agree precisely with 
the hypothesis of identity with Sappho, according to Pogson’s observa- 
tions from May 8d to May 12th, 1864.” 

On Prairies.—On the subject of Prairies, some excellent observations 
are made by H. Engelmann, in volume xxxvi of this Journal, in an arti- 
cle, commencing on p. 384, on the causes producing the different char- 
acters of vegetation known as Prairies, Flats and Barrens in Southern 
Illinois,—-s. D. D. 

Meteorites.—In a pamphlet on Meteorites (Aérolites) by R. P. Gree 
of Manchester, England, the author presents the following System of 
Arrangement : 

Crass I. AEROLITES. 


Orper A. Sp. gr. mostly between 1°7—3-2, containing little or no 


metallic iron. 

(Group a, Carbonaceous ; blackish, and containing carbon. 

Group 6. Howarditic ; ash-gray, fine-grained matrix, somewhat 
resembling trachyte, and containing imbedded crystals of olivine, 
anorthite, or angite; outside crust highly resinous and pitch-black. 

Group c. eldspathic ; containing, or consisting of, a mixture of 
anorthite and augite; crust pitch-black and highly resinous. 
“Exkrite” of Rose. 

Group d. Crystalline ; peridotic, shalkitic, chladnitic; (magnesia- 
silicates). 

Groupe. Vesicular. 
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GENERAL INDEX 
OF 
VOLS. XXXI—XL, SECOND SERIES. 


Note.—In the statement of the number of the volume, the xxx 


irty) is omitted. The 
names of minerals are inserted only under the word MINERAL. The references to articles on 
Botany, Geology and Zoology, are grouped under these words, but at the same time are in gen- 


eral inserted in their places elsewhere 


A Agassiz, L., new Sauroid remains, iii, 138. 
Abbe, C., transparency of atmosphere, viii, Gill on Squali, v, ie 
Megatherium, vi, 300 
Brunnow’s method for comet’s el report on Museum Comp. Zoology 
ments. viii. 79 quoted, viii, 128. 
Abbeville, human remains at, vi, 123, 402, n aritt in Brazil, xl, 3 B. _ 
viii, 297 contributions to Nat. Hist. of U. 8., 
Abbott, F., notes on » Argus, vii, 294. notice d, 
Abd-el-Kader, sa Vie, noticed, vi, 407. expedition of, to 8. A., ix, 371, xl, 188, 


1 380 


Absorption of gases by meee, vi, 411. 
of carbonic acid, xl, 7 
and radiation of heat b: y ‘ga ses, ii, 106 ey 
Academy of Sciences, National, v, 462, vii,|| fie vii, 135. 
446, 447, i , Lig, 234. ir-breathers of coal period, Dawson, no- 


Americ an, see AMERICAN and Putia-| ticed, vi, 400 


ultural chemistry; soil-analyses, ii, 


DELPHIA, iiry’s errors of observation, ii, 135. 
Acclimation, Nick?2s, i, 272, il, 102, 103, | 44” on combustion of invisible rays, ix, 
in Australia, iii, 483, viii, 300, ix, 84. x 
Acetate of ethyl, bromine and bromhydric Albert coal, ix, 267, 356. + 26 
acid, vi, 42. . Albumen, with dextrin, etc., vi, 268. 
Acetylene, Berthelot on, i, 118, v, 115. Alcoholic rad — rep jlacement of, x1, 34; 
from monobromid of ethylene, ii, 414. sulphids of, iv, 153. 
Achromatic object glass, new, vi, 446 Alcohols, ¢ ontain ¢ op - r, lead, tin, ii, 114. 
Acid, cobaltic, Winkler, viii, 266. manufacture of, vi, 403. 
Acids, monocarbon to dicarbon, viii, 265. J thy le nic » 1, 280. 
organic, ii, 412 pol) eric, i, 108 
influence on germination, vii, 376. { ry 1X, aa 
Actwonide, Meek, v, 8 Aldi yde, ‘Lea, vili, 114. 
Actinophrys Eichornii, Clark, viii, 331. | Algwe, Agardh on, ‘noticed, vii, 286. 
Adulteration with oil of turpentine, ix, Alger r F., ol ituary, viii, 302, 449, 7 
973 cabinet of minerals, viii, 301, ix, 224, 
Aerolites, see METEORITES. Algeria, Yillias on, noticed, v, 269, 
Aether, v. Ether. Alkalimetry, Johnson, Vv, 279. 
African explorations, noticed, i, 59, iii, Alkaline carbonates, saponification by, ii, 
259, iv, 87, vii, 75, 87, 146, 445. 117. ete 
desiderata in, v, 242. metal, new, 1, 105. . — 
fossils. Rubidge, xl, 123. Alkaloic ds, organic, separation of, iii, 415. 
Agardh, Species Algarum, noticed, vii,286.|| | produced by putrefaction, vi, 416. 
Agassiz, on tentacles of Meduse, no Alan, trees of Nebri ska, » 165. 
‘ticed, v, illen, H., on N. A. Bats, notice ix, 116. 
on Annelids, etc., noticed, v, 300. tilen, O. D., cesium and rubidium, iv, 367. 
on Echinoderms, noticed, viii, 180. equivalent and spectrum of cesium, 
on star-fish, noticed, xl, 129. V, 
Agassiz, E. C., Seaside Studies, noticed, »meine Encyclopadie der Physik, no- 
xl, 392. ticed, ii, 111 
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Allison, F., antimony in N. | vicl Ant o w 
150. 1, abstract of, vii, 
Alloys of copper a1 286, 4 Appalachian 1 
containing tungs l 
Almanac, Natio 465. vi n of y.4 
442 
4 1% 
inn lia, v, 806, vi 
Alpine Guide, l. viii, 450 LL. , 806, vi, 
Alps, coal in, v Amer see as 
} w American Cyclopedia, i, 455, ii, 
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see also, W } t $55, 
Althaus’s Zusam ler statisi- |Arago, statue of, xl, 394 
chen E bn \rchwopteryx, ¥ 9, xl, 201 
Alumina, carb it 1 ( ~ 


i ra 1, il 51, ii 
i, 112, 113. “95. 856 iii, 263, 


Aluminum, vy, 25 ) 
bronze, v, nts, Hooker's, iv, 
compounds 4 

i 4 twi. 
manu ir f \ on 
ns in, vii, 88, 

trated 60 


Auber, from h \ 194 
fauna, dipter 0 I, 124, 431, 455, ii, 
America, Syuier’s o1 meteori 912 
ry of, i, 60 in i, +10. 
men dimorphism ty é, 1, 191. 
vii, 156, 450, 1 vi 
prize of, xl, 288 id wv 114 
Assoc. fur Adva 149 
463. 
od Reinsch’s test for, ii, 117, 277. 


geolk ev, prog f ser 
Phil. § polyatomic bases of, i, 420, 
hil. Soc., lv. 44 0, 4 Al f ! 191. v. 296 
152, 451, xl, 292 ‘ 1474 
rize Ol, to 4 kK. 114 \ 2 
I well rass lll, lol, 


Amherst Coll., / linis es |Art 
of, noticed, cite, rutile, viii, 
Ammonia, atmospl nitrit v, 42% rystalline mineral 415. 
carbonate of, I 1esia 
y, and nit mpound tell 113 


s to Royal Geog. Soc., 


picric acid, and metalli ses 
binations of, i, 7 “HA vt} 
ruthenium ba tee caster tany of, iv, 286. 
il Ai Ail I 
sulpho fornia, ix, 101. 
xl. 160 r, IV, 245. 
A ion of Sodeman and 


nitrite of, by heat tion of 
Amphibians, pos aol? l, 2 
brates, Dana, v 34 expedition, i, 303. 
j risin in m ) 
Anatomy, 19 es of, ti, 133, 291, iii, 288. 
) Daphne, v, 144 


Andersson, J..B ( ( 


new ass weros 47 Cr 
on a seam of { Penal 
Angstron Fr nes. vy. 4 
wave-lel l, Lob 
Anhydrids, polys i 108 
Aniline, fror 67. 417 1, 258. 

dyes, v, 417, oF { od, 
Aniline- An 
Animal substar 

411. 
fossil, Marsh, \ $15 460 
Anttro} ology, Ve g ed. vi 149 
sates 71), Feronia, iii, 287, 288, 436, iv, 450. 


j QRS 


288, ¥, 


| 
of, ii, 374. 
ticed, vii, Melete, ii, 438, iv, 430, v, 145. 
Andes, jourt M i, 132, iii, 288, 
| 


Aye-Aye, 


INDEX TO 


Asteroids, 


(72), Niobe, ii, 438, iii, 144, 288, 


VOLS, XXXI—XL. 


399 


B 


|| Babl age’s Passages from the life of a Phi- 


iv, 430. 
(73), Clytia, iii, 436, lv, 430. 
(74), Galatea, iv, 420, v, 145, 
(74), 145. 
(76), Freya, v, 146, 460. 
(77) 460. 
(78), Diana 143 
(79),  ornonclony vi, 443, vii, 140, 147. 
(80), Sappho, viii, 432. 
(81), Terpsichore, ix, 111. 
(82), Alemene, i 
(83), 
(54), 


Astronomical Assoc. of Chicago, v, 301. 
of France, viii, 148, x1, 288. 
observations, errors of, Airy on, no- 
ticed, ii, 155. 


Gilliss’s, 1861, noticed, v, 146. 

with spectrose ope, Vv, 71, 407. 
photography, Rut herfurd, ix, 304. 

introduced by Bond, ix, 369. 
Soc. of Lond., ix, 364. 


Astronomy, Hindu, transl. 
dhanta, i, 298. 
Bond's researches in, ix, 364. 
Chauvenet’s, vi, 159, 378. 


xi, 140. 


Loomis’ s, 


see further, AUkoRA, CoMET, METE- 
oR, Moon, PLANET, SHOOTING STAR, 


SoLak, STAR, SUN 

Atlantic telegraph, iii, 118, 265, vii, 440. 
temperature of, Poey,, iii, 268. 

Atmosphere, currents of, viii, 399. 
extent of, Challis on, iv, 484. 
motions of, Ferrel, i, 29. 
radiation through, vi, 99. 
transparency of, Abbe, viii, 28; Hunt, 


358. 
Atmospheric ——. Challis on, iv, 434. 
Atoll of Ebon, Doane, i, 318. 
Atomic constitution of liquids, vi, 409. 
weights, Gibbs, i, 246: Rose, 2 
Attfield, on spectrum of carbon, vii, 408 
Aurora, an electric discharge, Marsh, i,311. 
De La Rive on Marsh, iii, 294. 
Australis, coincident with A. Borealis, 
Loomis, ii, 1. 


at Sacramento, 1860, Logan, ii, 148. 


of Aug. and Sept. 1859, and auroras 
generally, Loomis, ii, 71, 318. 
of Aug. 1865, Twining, x1, 285. 
Auroral arch, April 1863, v, 461. 


arches, height of, Newton, ix, 286, 371. 
beams, and electric currents, Loomis, 
v, 34. 
Austin, C. F., Sphagna of N. Jersey, 
Australia, acclimation in, iii, 433, viii, 309, 
ix, 84. 
Australian Benthain 
noticed, vi, 290, ix, 110. 
vii, 84. 
gold, iv, 212, 
heat, v, 49. 
meteoric iron, ii, 441, 442, iv, 
Harvey vii, 286. 


and Miller’ s, 


155. 


zine, 


Aviculide. 


Mech 
Owen on, notic ed, vi, 294. 
Azoic rocks in Michigan, Kimball, ix, 290. 

see further, GEOLOGY. 


of Sarya-Sid- 


| 
| 
| 


|| Baleh, D. M., 


| Barometer, 


viii, 32A. | 


|| Beilstein, on coloration of flame, v 
Belgian bone- 


Bache, R. 


losopher, viii, 303. 
Bache, A. D.,, influence of moon on mag- 
netic needle, i, 98. 
declinometer observations, i, 197. 
horizontal magnetic force, iv, 261, 37; 
1noon’s influence 
magnetic survey of Pa., etc., 
Associate of French Acade my, 
sea-sickness, iv, 17. 
Bacon, Roger, works ed lited by € harles, iii, 
110, iv, 128. 
Bahr, on wasium, vii, 116. 
Bailey, L. W., antimony in N. Brunswick, 


4 455. 


150) 
, 150, 
appointed Prof., Univ. N. Brunswick, 
li, 504, 
report on Geol. of N. B., noticed, ix, 
356. 


Baily ’s beads, Blunt, ii, 292. 
Baird's American Birds, noticed, viii, 393, 
431, ix, 115, xl, 142. 
orthite from Mass., 
te llurbismuth from Ga., v, 99. 
Ball’s Alpine guide, noti ed, viii, 450. 
Baphet es, vi, 480. 
Barker, G. F., gun-casting at 
vii, 206. 
Barnard, F. A. 
bot’s report on Mpi 
force of gunpowder, 
Lewis, x1, 233. 
fluctuations of, Chase, 
gunnery serving as, viii, 
indicating earth’s rotation, 
409. 


iii, 348. 


Pittsburgh, 


P., Humphreys and Ab- 
river, Vi, 16, 197. 
vi, 241. 


viii, 380. 
299. 
ete., vii, 
resisting ether, viii, 153. 
Barometric maxima and minima, viii, 148. 
Barrande, J., Primordial fauna and Ta- 
conic system, i, 212. 

Défense des Colonies, noticed, x1, 392. 
Barrow’s mathematical works, ii, 299. 
Bartlett, W. P. G., interpolation in physics 

and chemistry, iv, 27. 
Baryta, hydrate of, ii, 118. 

solubility of sulphate of, ix, 90. 

Bates, ou mimetic analogy in Lepidoptera, 
reviewed, V i, 285. 

Baudrimont’s protosulphid of carbon, i, 
281. 

Bauer, on replacement of hydrogen in 
ether, ix, 95. 

Baxendell, periodic changes in the magnet- 
ism of the earth, viii, 269. 
Bayberry tallow, G. Moore, 

Beatrice, Hyatt, ix, 261. 
Becker and Sons’ apparatus noticed, il, 


208. 
i, 116,267. 


iii, 313 


cave, ix, 223. 
and 


Bell, J. L., aluminum aluminum- 


bronze, vii, 133. 


|| Bellemare on Abd-el-Kader, noticed, vi,407. 


Bentham, G., Linnean Society address, iv, 
286. 
Flora Hongkongensis, noticed, ii, 124. 
and Hooker, Genera Plantarum, no- 


ticed, 134. 


| 


400 INDEX, 


Bentham, G. and Miller, Flora Australien 


sis, noticed, vi, 290, ix, 110 
Benzoie acid, from kini vy, 291 
Berberin in Hydrastis Canadensis 
Berthelot, on acetylene, i, 118, v, 1 

on chemical synth I 
, 103. 


VOI 


on the alcohols, not 1, vi, 407 
made Prof. in Fran xl, 304 
Berthier, P., obituary of, 108 
Bessemer’s process, 7 n. v, 421 
3ibliograph) y, by es », 275 
103, iv, 128, v, 269, vi, 407, ix, 86 


Big Black river basin, v, 2 

Bigelow, A., freezing of w r. 0) 

Bigsby’s Cambrian and Huronian tf 
tions, noticed, ¥ 


, 232, 454, iii, 100 
notice of //it 
16. 

date of Geol. 1 rt of W 
genus Centro 

on new 


Binary stars, 01 
Binder, B., cony I i 


rosalic acid, iv, 408 


phenate transt 1 
lime, iv, 408 
Binocular micros 
212. 
Went m 


Vision, and i 
Biot, J. B., obitu 14 
Bird, reptil in, V, 
Bischof, ! 
Bisulphir 
analysis, iv 
Bitumens 


Hunt, v, 1 
Blake, 
in triphyline, i 
Blake, W. P, to 
iron r ms ¢ \ 


Blanchard, ont 

Blandy, d. F., 
perior, iv, 112 

Blast for laborat 

Bleu de Paris, ii, 4 

Bi iss, buric br I 
G, 


one, PO. expla 
Steed. animal 


corpus 


electrici 
Blowpij ls, 
414 
Blovam, on ars 


116. 
Blume, ¢ 
Blunt, 
Blyth’s editi 
Blytt, M. N., obitu v, 449 
Bowe Mann, 

ticed, x1, 289. 
Bohlig, on atmospl 

nia, v, 423. 
Boiogna museum, 


oO! 


Bond, G. P., comet IT, 1861, ii, 255, 261, 


Bo G. P., companion of Sirius, iti, 286, 


W i 287, 288 
89 
I 14. 290 
2 
gy on, De La Rue, with award of 
med 64 
Bone bed in red s stone, ii, 41 
v so MAN 
Boott, F., illustra s of Carex, noticed, 
11, 430 iv, 292 
u i 
$18 
B bor i, 148 
npounds, / ind On, 1 276, 
v 
W., 14! 
) 60 } UO 
xl, 137 
M OO 
AL n f S60, i, 461 
vy. 449 Vii, 288 
4 KS s of 
p Ale Vil, 
1 ( Vii, 436 
\ I n. 8 tf Canada, i, 303 
4:3 
\ t 
ra Hon AO! 
i Plas 
Fl Aust vi, 20 
] Care i, 131, iii, 


etc., vii, 
( nd St. Pierre, Flore des environs 
P 434 
1 by insects, iv, 
4) 
D 
D les, Vi, 432. 
{ I I il , 430, 
59 
130 
es, v, 431 
iv, 287 
\ v, 445. 
e, 1, 150, 
etam is of plants, viii, 
M ul v, 448. 
W. In s, 1, 129, iv, 
l 129. 
{ Wi 130, 
t Austral vii, 286, 
| ] en i, 128, vii, 286, 


Flora capensis, i, 128, 


Plants of New Bedford, Mass., 


xxxI—xXL. 
45 
ii 
| 
| 
136, 279, iv. 
) iL 4 
P i, 131 
M Pilu i, Vill, 127. 
| 
459 witschia, vi, 434, 


INDEX, VOLS. 


BOTANICAL WORKS, notices of: 
Hooker, J. D., Arctic plants, iv, 144. 
Cedars of Lebanon, etc., iv, 148. 
N. Zealand Flora, ix, 359. 
Hooker, W. J., species Filicum, i, 132, v, 
138, viii, 429. 
second century of ferns, i, 132. 
Karsten, Flora Columbie, ii, 289. 
Monographia Lepigonorum, 
vii, 45: 
Lecoq, Vie des Fleurs, iv, 128. 
Lesquereux, Botanical report on Arkan-|| 
sas, i, 431. 
Linnean Soc., Journal of, i, 443, ii, 127, 
289, iii, 143, iv, 285, ix, 360. 
Lyall, Botany of Brit. America, vii, 287. 
Mariius, Flora Brasiliensis, ii, 289, iv, 
288, vi, 130, vii, 283, ix, 360. 
Mettenius, on Ferns, i, 138 
Filices Horti Lipsiensis, i, 134. 
Miguel, Journal de Botanique Neerland- 
aise, iii, 149. 
Annales Musei Bot., vii, 281. 
Mitten, Brit. American Bryology, viii, 
291. 
Miller, Plants of Victoria, vii, 286. 
Newberry, Flowers and Ferns of Ohio, i 
130. 
Oliver, Structure of Anther, iv, 282. 
Wood-cells of Hammamelidez, iv, 
282, 
on Loranthacee, vi, 291. 
Lessons in Botany, viii, 124. 
Parry, Rocky Mt. Flora, iii, 141, vi, 129. 
Prior, Names of Brit. Plants, vii, 433 
Provanche a Flore Canadienne, v, 445. 
Ravenel, Fungi Caroliniani, i, 130. 
Regel, Monographia Betulacearum, iii, 
Louis Transactions, vi, 128. 
‘Se Aroidew, iii, 142. 
Seemann, Vegetable products of Fijils., 
v, 446. 
Squier, tropical fibres, iii, 149. 
Sullivant, Musci cubenses, iii, 141, 429. 
Icones Muscorutra, viii, 291. 
Tatnall, Plants of Neveastle Co., Del., 
i, 130. 
Thu aites, Plants of Ceylon, iii, 432, xl, 
Tu lies: Lichenes Cubae, vii, 436. 
Vilmorin-Andrieuz, Des Fleurs de Pleine 
Terre, V ii, 435. 
Walpers, Ann. Botan. systemat., by Afil- 
ler, iii, 140, xl, 126. 
Weddell, Cynomorium coccineum, iii, 
139. 
Chloris Andina, iv, 150. 
Wood, class book of Botany, ii, 127. 
Botany ;—absorption of carbonic acid, 
, 127. 
Ammobroma Sonora, x1, 126. 
Ampelopsis quinquefolia, Gray, vi, 180. 
Antherology, Gray, iv, 282. 
Bonapartea juncea, iii, 432, vii, 147. 


Calluna vulgaris, in N. —— ii, 290 
iii, 22, viii, 122, 428, ix, 228. 

Caricography, Dewey, i "33, ii, 38, v, 57, 
ix, 69. 


Climbing plants, Darwin, xl, 2 2738. 
Coriaria thy mifolia, vii, 287. 


XXXI—XL. 401 


||BoTany— 


Darlingtonia Californica, v, 136. 
ae ag in plants, iv, 285, 419, vi, 
, ix, 101, 104, 360. 

Dioie, o-dimorphism in primrose, iv, 419, 
ix, 101 

Equiseta, geogr. distrib. of, viii, 126. 

in gneiss, xl, 124 

Euphorbia, genus in, De Candolle, iv, 288. 

Gaultheria, name of, vii, 287. 

germination affected by ozone, etc., vii, 

Gymnospe rms, structure of flowers of, 
vii, 284. 

Harvard University herbarium, viii, 
128, ix, 224. 

hybrids, return of, to parent forms, ix, 


107. 

Hydrastis Canadensis, berberin in, iii, 
43. 

leaves, gas evolved by, v, 121. 


Myrica cerifera, wax of, Moore, iii, 313. 
Najas major, ete., Salina, N. Y., ix, 106. 
Nebraska, forest trees of, ii, 165. 
nomenclature, vii, 278. 

Orchids, structure, etc., of, iv, 188, 420, 
vi, 292. 

organisms in closed vessels, xl, 126. 

parthenogenesis, ye 292. 

Paullinia sorbilis, 129. 

radicle-ism, Gray, viii. 125. 

Rocky Mts., plants of, Parry’s collec- 
tion, ae 141, 237, 404, iv, 249, 330, v, 
137, vi, 129. 

§ cernuus, rotation in pith-cells 
of, iv, 400. 

Scirpi of U. 8., new, viii, 289. 

Sphagna of N. J., Austin, v, 252. 

Tenn. yellow wood, Gray, xl, 273. 

varieties in plants, Deeaisne on, vi, 482. 

Va. creeper, tendrils of, v, 445, vi, 130. 

Welwitschia mirabilis, vi, 434, xl, 273. 

Battger, on nitrite of ammonium, v, 114. 
spectral analysis, v, 414 
preparation of ozone, v, 111. 
Boussingault’s Agronomie, etc., v, 270. 
on gas evolved by leaves, v, 121. 
on absorption of carbonicac ‘id, xl, 127. 
Bowman's Medical Chemistry, noticed, vii, 
302 
Brac hyura, classification of, v, 139, 
Bradley, F., on meteors at Chicago, Aug. 
1860, i, 136. 
Bradley, F. H., trilobites of Wis 
dam,’ i, 294, ii, 149. 
geol. excursion proposed by, xl, 125. 
Brain, chemical constitution of, xl, 113. 
of man and ——— related to class- 
ification, Wagner, iv, 188, discussed in 

Brit. Assoc., iv, 440. 

Brande and Taylor’ s Chemistry, vi, 311. 

B-aun, A., Polyembryonie, etc., noticed, 
, 131. 
on Marsilia, etc., noticed, viii, 127. 

Braun, on molybdenun, vi, 268. 


c. ‘ Pots- 


on new cobalt viii, 113. 


Bravais, A., obituary, vi, 
Brazil, Martius’ s Flora of, ii, 289, iv, 288, 
| vi, 130, vii, 283, ix, 360. 

‘arift in, ‘Agassiz, xl, 389, 


|| Bree’s Review of Darwin, noticed, i, 449. 


4 
ihe 
i 
af 


402 


vili, 256, 298, ix, 10,99, xl, 141 


INDEX, 


LS. 


j\Cats 


XXXI-—~XL. 


Rose on, viii, 319. 


LL YSIS, 


Bréquet's Electric Telegraphy, noticed California, glaciers iii, 258 
269. maj ft, proposed, vii, 83 
Breithaupt, rhombohedral and din mastodon t h from, iv, 135 
crystals biaxial, v $26, I rol rd, Sacramento 
Brewer, W. H., Darlingtonia Californ ii, 147, iii, 298 
136. $1, Viii, 258 
explorations by, Si 1 Neva 10) 
viii, 298, ix, 10. leur ‘ ix, 
Brewster's theory of 342 <silver nes of, Si 
Brit. America, Lyell’s | f 28 ] 
Mitien’s bryology of 201 gr of \ 187 
Brit. a Ie" 63; 32d er n, xl, 264 
432: 334, 84th, viii, 301, 446 loi wction, vi, 416 
35th, xl 39,394. I L.. s 94 
Columbia, Palmer on, viii, 14¢ ( mony ii, 405 
Bromhyidric acid on tate of ethy ul y of, i, 303 127, iii, 
Crafis, vi, 42. 433 
Bromid of ethylene, r ion of sulpl f, by D iticed, ili, 278 
of potassium on, vii, 90 i noticed, v, 445 
potassium a narcotic, vii yD 27 
Bromine on acetate of ethyl, Cruft 42 g ¥ €] noticed 122, vy 
Bronn, H. G., obituary of, iv, 304 4, vi, 428, i } 
Brun’s Fraudes du Vin, vi, 40% I ntian of, vii, 272, 431, x1 
Brunet, on Michaux’ } ts, ¢ vii, 286 344 
te method for } ort nd ge by Chapman, no- 
viii, 75 vii, 4 
Brush, G. J., Tissier’s process for it ( g f Mi ind Crystal- 
120. Rocks of 134 ; 
Supplements to Dana's M ( n Na Geologist, no 
i, 354, iv, 202 149 
crystalline hydrate of magn 37 
ee of lime at high I ra- ( u » miles, iii, 154 
ture, ii, 112, vi, ( n Coal sures, Lesley, vi, 179 
fron 245 f 
triphyline at Norwi M 102. ¢ / pro hid i, 
metallurgical abstracts, v, 8, 
420, vi, 272. l ri v, 299, v, 356 
mineralogical abstracts, vy, 126 408 
296, 426, vii, 270, viii, 115 1 ion of, lil, 273 
on California Geol. Rej vi, 118 I 408 
childrenite, vi, 122, 257 ( tes, alkaline, saponification by, ii, 
Tucson meteoric iron, vi, 152 17 . 
Buchner’s Die Meteorit 445 ii n, chromium, 
tephroite, vii, 66. é i 
artificial diopside, ix, 132 of ammon gnesia salts with, v 
Buchner’s Die Meteoriten, noticed, vi, 445 l 
Budding in insect larves, ix, 110, 361 f li at hig perature, ii, 112 
Building materials, preservation of, vi, 40 rite, xl, 213 
Bunsen, on new alkaline metal, i, 105 ‘ 1 ist iron, i, 120 
on cesium and ru n, ii, 409, vi, Car tion y plants, 
114, 413. i 
on lithia in meteorites, iii, 273 determina in organic analysis, 
spectroscope $4() +] 
on thermo-elect batt s, ix, 219 I nce on ¢ t vii, 376. 
Busk, G., Gibraltar caves, 8 C I see GEOLOGY 
( list 146 
C ( D 23, ii 8, V, 57, 
69 
Cadmium, ammonia-picrate of, i, 8 ( n lake-h ations, ix, 
Cesia, tartrates of, vii, 70, ( ! lrogen with iron, 
Cesium, ii, 409, iv, 367, vi, 41 | radicals 
equivalent and spectrum, y, 94 Care gnesium, vi, 114 
in triphyline, Blake, iii, 274 ‘ g ulloys, vii, 118. 
in hot springs, viii, 447, ix, 13 ropy t, xl, 115, 
Cahours, on American petroleum, vi, 413 $1 h making ice, vi, 405. 
California, deep placers of Yuba R., xl, 1. Ca ton, on St pots, viii, 142 
earthquake in, xl, 366 Cas] volcanic island in, viii, 118. 
explorations of per ninsula of, vy, 236. |j|Casseday, 8. A., obituary, i, 155. 
geological survey, reports of, noticed, || Z., meteorite of Hindostan, i 
i, 124, iii, 155, iv, 187, vi, 118, vi i, 82, 427, 


’ 


a 
| 
i 
{ 
¥ 


INDEX, VOLS 


Catskill and Chemung groups, identifica-| 
tion of, Winchell, v, 61. 
Cave-deposits, see MAN. 

Cedars of Lebanon, Hooker on, 

at Paris, Gray, ix, 226. 

Celestial dynamics, Mayer, vi, 261, vii, 187, 


lV, 148. | 


XXXI—KXL. 403 


|| Chemistry, interpolation in, Bartlett, iv, 
27. 
Liebig’s, noticed, vii, 135, 
Miller's, noticed, vii, 135. 
of germination, Schultz on, v, 290. 
of natural waters, Hunt, ix, 176, x, 43, 


| 


| 
| 
| 


viii, 239, 397, 193. 
Cephalization, Dana, vi, 1, 159, 321, 440, || Cheney, ancient works in Western N. Y., 
vii, 10, 157. ii, 149. 

Ceramic arts of Great Exh ibitio n, 268, | iChess Kn ight, Haldeman’s Tour of, x}, 291. 

Cerium, separation of, vii, 352 | Child, G., organisms in closed vessels, xi, 

Ceylon plants, Thwaites on, iii, 452, , 125. 126. 

Chacor _ on light of Moon and pa Chilton, J. R., obituary, vi, 314. 

xl, |Chimenti pictures, C. A, Joy, viii, 199. 

Chadbourne, P. A., effect of ice in water|\China, recent English Surveys in, iv, 363. 

boiling in glass vessels, iv, 130. Chiton, species of, viii, 185, 431. 
Challis, on atmospheric refraction, iv, 434.|/Chlorhydric acid manufacture, vi, 269, 
extent of atmosphere, iv, 43+. { dissolves sulphate of lime, v, 283. 
zodiac al light, iv, 485. Chlorids, violet flame of, v, 412. 
Chambers’s Eneve lope dia, i, 455, vii, 302.) Chlorinated organic bodies, iv, 133. 
ix, 115, xl, 142, 396, Chiorine manufacture, vi, 269. 

Chencel’s determination of phosphoric salts, ii, 108. 
acid, i, 279, 281. Chloritic minerals, J. B. Pearse, vii, 221. 

Chancourtois’ Vis Tellurique, noticed, v,|/Chloro-chromic acid, spectrum of, “Vili, 
270. 109. 

Chandler, C. F., new metal in platinum,||Chlorous acid, density of vapor, i, 277. 
Oregon, iii, 351. Christople on phosphorus spectrum, vi, 

tin ore in Mexico, ix, 349. 116, 267. 

Chapman, E. J., Minerals and Geology of) Christy, cave- deposits in France, viii, 145. 
Canada, noticed, vii, 432. ( — ammonia-pic rate of, . 

Charcoal, absorption of gases by, vi, 411. eparation of, Gibbs, ix, 58. 
formed under pressure, viii, 441. sesquioxyd, carbonate of, iv, 321. 

Charles, E., on Roger Bacon, noticed, iii,|| Church, W. S., ascent of Candarave, iv, 

110, iv, 128. 300. 
Chase, P. E., barometer indicating earth’s||Cicada septendecim, E. C. Herrick, iii, 433. 
rotation, etc., vii, 409, Clapp, A., obituary, v, 506, 450, 
barometric maxima and minima, viii,|| lark, A., on » Herculis, v, 301. 
148 sun and stars photometrically com- 
a resisting ether, viii, 153, |} pared, vi, 78. 
aérial tides, viii, 226. takes Lalande prize, v, 301. 
terrestrial magnetism, viii, 373. || Clark, H. J., Lucernaria, y, 346, ° 
cause of barometric fluctuations, viii,|| Tubularia, vii, 61. 
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Crystals in blowpipe beads, Emerson, vii,||Davy, on temperature of sexes, viii, 448. 
414 Dawes, W. R., the solar surface, vili, 208. 
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Damour on jadeite, noticed, vi, 426. nal cord, noticed, ii, 302. 
Dana, J. D., fossil in Conn. river sand-| Deane, J., on Ichnographs of Conn, river 
stone, iii, 451. Sandstone, vi, 126. 
relations of death to life, iv, 316. Death, relations to life, Dana, iv, 516. 
classification of mamunals, v, 65. Debray, on metallic spectra, iii, 414, iv, 407. 
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Manual of Geology by, noticed, ivy,)/ Density of vapors, iii, 413, vi, 408. 
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Mineralogy of, 9th supplement, i, 354. Polarizing Microscope, noticed, xl, 
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Darlington, W., obituary of, vi, 132 445. 
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GEOLOGICAL WorRES, noticed :— | 
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Unger, tour in Greece, ete., vii, 79. 
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rocks and new fossils, iii, 422. 
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California (preceding page). 
Wisc., Geol. Survey, ii, 454, iii, 420, 453. | 

GECLOGY— 
Albert coal of N. B., Hitchcock, ix, 267 
American geology, Hunt, i, 392. 
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Azoic age of N. J. Highlands, ix, 221. | 
of Mexico sean ore, ix, 358. 
rocks of Michigan, ix, 290. } 
of N. i, 
Barrel-quartz, Silliman, viii, 104. 
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insects, N. Brunswick, ix, 357. 
microscopic organisms of horn- 
stone in, iii, 385. 
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Devonian nature of Elgin sandstone, 
viii, 288. 
Dinotherium a Marsupial, viii, 427. 
Diptera of the Amber- fauna, vii, 305. 
Drift, Dawson, viii, 233. 
in Brazil, Agassiz, x1, 389. 
in Michigan, "inchell. xl, 331. 
Murchison on, ix, 358, 
Period, Pictet, i, 345. 
Enaliosaurian remains from N. Scotia, 
Marsh, iii, 138, 278, iv, 1. 
Fishes, American fossil, Newberry, iv, 73. 
Fossils, Arctic, Hall’s, v, 298, x1, 31. 
fruits of Brandon, Vt., ii, 355. 
Galt limestone, iii, 46, ix, 3538. 
Glacial, see GLACIAL. 
Goniatite limestone at Rockford, Ind., 
Meek and Worthen, ii, 167, 288. 
Human remains, sce MAN. 
Ichthyosaurian skin, ix, 358, 
Jurassic, feathered vertebrates of, v, 
129, vi, 318. 
Laurentian fossils in Canada, i, 393, vi, 
222, vii, 272, viii, 231, 431, xi, 844, 391. 
Leclare limestone, iii, 46, ix, 358. 
Leptocelia concava, v, 84, 
Lias, transition of, to Oolite, Ramsay, 
Vili, 285. 
Ling ula-flage, fossils in, viii, 122. 
Lingula polita, Whitfield, iv, 136.% 
Mastodon in California, iv, 135, viii, 
in Michigan, Winchell, viii, 2238. 
Megatherium, vi, 200, viii, 295. 
Oneida conglomerate, Jewett, ry 121. 
Palasterina Jamesii, Dana, v. 295. 
Paleozoic climate, vi, 306. 
Pebbles, elongated, i, 375, 440. 
Permian of England, Murchison, viii, 
287. 
Petroleum, see PETROLEUM. 
T.ants, fossil in Nebraska, Heer, i, 435. 
Eguisetum in gneiss, x], 124. 
Pleurodyctium proble v, 82. 
Potsdam sandstone, tracks in, i, 17. 
crustacean, new, v, 295. 
fossils of, Winchell, Vii, 226. 
of N. J. zine mines, ii, 208. 
Trilobites of, in Wisconsin, i, 294, 
ii, 149. 
in Vermont ii, 232, 454, iii, 100, 106, 
370, 421. 
Primordial fauna, i, 210. 
fossils in N. Brum: swick, ix, 35. 
in Texas, ii, 213 
sandstone of Roc ky “Mts, iii, 68. 
Pteriide, Meek, vii, 212. 
Quebec group and copper-bearing rocks 
of L. Superior, Logan, iii, 320. 
at Point Lévi, with catalogue of fos- 
sils, Logan, vi, 366. 
age of, Logan, iii, 105. 
fauna of, Logan, i, 216. 
Red sandstone of Vt., age of, Billings, 
ii, 282, iii, 100, 370, 421, 
H. Hite heock, ii, 454. 
Rhetic beds of England, viii, 2 
Rocks, see Rocks. 
Rocky Mts., period of elevation of, 
near sources of Missouri, iii, 305, 
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APPENDIX. 


New Planet.—Prof. Watson, of Ann Arbor, Mich., announces the dis- 
covery by him of another planet, on the 9th of October. In a second 
letter to the editors, dated Oct. 16th, he adds: “I have just received a 
letter from Prof. Ferguson, from which it appears that the planet discov- 
ered by me on the 9th inst. was discovered by Dr. Peters at Hamilton 
College on the 20th of September. I did not know of this prior discov- 
ery until to-day. It seems that Dr. Peters communicated his discovery 
to the Observatory at Washington, but so far as I know no further an- 
nouncement was made, 

“From a little examination which I have made I feel pretty sure that 
this planet is identical with Sappho (), discovered by Pogson at Madras 
on May 2d, 1864, but subsequently lost. The circumstances of the mo- 
tion of the new planet, as far as I have observed it, agree precisely with 
the hypothesis of identity with Sappho, according to Pogson’s observa- 
tions from May 3d to May 12th, 1864.” 

On Prairies.—On the subject of Prairies, some excellent observations 
are made by H. Engelmann, in volume xxxvi of this Journal, in an arti- 
cle, commencing on p. 384, on the causes producing the different char- 
acters of vegetation known as Prairies, Flats and Barrens in Southern 
Hlinois.—-s. D. D. 

Meteorites.—In a pamphlet on Meteorites (Aérolites) by R. P. Gree 
of Manchester, England, the author presents the following System of 
Arrangement : 


Crass I. AEROLITES. 
Orpen A. Sp. gr. mostly between 1°7—3-2, containing little or no 
metallic iron. 
(Group a, Carbonaceous ; blackish, and containing carbon. 
| Group 6. Howarditic ; ash-gray, fine-grained matrix, somewhat 
resembling trachyte, and containing imbedded crystals of olivine, 
{ anorthite, or augite; outside crust highly resinous and pitch-black. 
Group c. Feldspathic ; containing, or consisting of, a mixture of 
anorthite and augite; crust pitch-black and highly resinous. 
{ “Eukrite” of Rose. 
Group d. Crystalline ; peridotic, shalkitic, chladnitic; (magnesia- 
silicates). 
Groupe. Vesicular. 
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